MEMORANDUM

TO: Palma Risler, USEPA (415) 744-1078 FAX
Sushil Arora, DWR (916) 653-6077 FAX
Mlke Jackson, USBR (916) 978-4854 FAX
Chet Bowling, USBR (916) 978-5284 FAX
Harold Meyer, WRMI (916) 920-1812 FAX

From: Lance Johnson and Tom Boardman, 8/3/9
Re: RIA, CVP South of Deita Modellng Results
Introduction
This transmits the results of our modeling studies completed to date. This
‘includes the 71 year Level 1 (annual time step analyses) and a portion of the
proposed Level 2 (monthly time step analyses) for the 1928 through 1934 critical
period. Because of time constraints, the full 71 years of Level 2 analyses was not
completed. This memorandum lists the numerical and operational assumptions that
went into the impact studies and discusses the validity of some of the more 842 SIXTH STRERT
questionable assumptions.
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Modeling Assumﬁtlons

The following assumptions were utilized in our studies:

-Base Case; DWRSIM Base Study 2, D1485+NMFS, 6.0 MAF Deita Export
Demand, run number 1995c6b-NMFS-276

-Impact Case; DWRSIM EPA Study 2b, EPA 1968 LOD + NMFS, 6.0 MAF Delta
Export Demand, run number 1995C6B-NM+EPA-280

-CVP south of delta supplies include CVP Tracy Pumping and SWP Wheeling
for CVP from the above model results plus San Joaquin and James Bypass
inflows (accretions) to Mendota Pool derived from PROSIM Folsom
Reoperation Study, 4001¢, 400 Folsom F. C., 1995 Demands,

February 25, 1994, with maximum monthly usable deliveries of 95,000 AF and
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no minimum demands,

-San Luis Reservoir CVP storage parameters are 966.8 TAF normal maximum,
971 TAF absolute maximum, 50 TAF September 1 minimum and no carryover
storage target,

-CVP South of Delta water obligations were obtained from PEIS draft data,
dated 6/27/94, with corrections to eliminate double counting of obligations with
the corrected obligations listed below:

CVP Deita Export Obligation & Amount (TAF)

Service Area Wir. Rights  Ag Cont. M&| Cont. Refuge Los
Delta Mendota Canat 216.0 = 407.2 10.2 below 120
Cross Valley Canal -0-- 128.0 --0-- below -0-
San Luis Unit 6.0 1,236.5 17.1 below 60
Mendota Pool Unit 666.1 108.6 -0-- below 80
San Felipe Unit ~0-- . 681 127.7 below  -0-
Wildlife Refuges (CVPIA Level 2) 2117  incl
SUBTOTALS 888.1 1,948.4 155.0 211.7 260

TOTAL CVP South of Delta Obligations= 3,463,200 AF exciuding Contra Costa
Water District @ 118,000 AF (grand total CVP delta export obligations
3,581,200 AF)
-CVP deficiency criteria and hierarchy as follows:
Priority 1
-Water Rights per Shasta inflow criteria, 75% minimum
-M&l and retuges per CVPIA, 75% minimum or equal to ag contracts if
above 75%, and
Priority 2
-Ag contracts, no minimum
~Agricultural contract water allocated in increments of 5% for Level 2 analysis,
-Delivery of unstorable flood flows (CVP 215 water) is not considered,
-Carryover of contract water and groundwater is not considered
Summary and Discussion of Resuits
Level 1 Analysis: The Level 1 analysis consists of taking the sum of estimated
annual supplies (CVP export + Mendota Pool inflows) and applying CVP obligations
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with the appropriate hierarchy and deficiency criteria. The impacts to agricultural
contract supplies are smaller than those produced in the Level 2 analysis and they are
the most optimistic for several reasons. First, contract water years span a period of
March through the following February, while the modeled water years span a period
of October through the following September . This causes an overlapping of years
and an over estimate of available supply in certain sequences of year types.

Second, the Level 1 analysis does not consider any operational constraints
such as demand scheduling, reservoir minimum and maximum storage limitations and
conveyancse facility limitations. These two factors in combination lead to estimated
levels of supply that vary by 5 to 10+% in a given year when compared to those
identified in the Level 2 studies.

A third factor applies to the DWRSIM studies which affects the post processor
results of both the Level 1 and 2 analyses. The DWRSIM studies operate the projects
with pertect foresight, that is, the model is based upon historic hydrology which is

-known. Following this methodology, project modelers know in advance what the
hydrology will be later in the year. They are therefore able to make informed decisions
enabling optimization of operations, rather than having to take a more conservative
approach due to unknown future conditions, as Is the case in the “real world”. The
impact of this situation will not be consistent from year to year and cannot be
accurately estimated. it is, howsver, probable that actual available supplies would be
less in most years. This indicates the modeled results are somewhat optimistic.

* Results of the Level 1 analysis indicate the following agricultural contract
supplies would be available:
Level 1 Study Results (Annual Analysis)

Agricultural Contract Supply (% of Contract Obligation)

Study Case 71 year Avg. 1928-34 Avg. Maximum Minimum
Base 2, D1485+NMFS 71.2 56.9 92.6 17.6
EPA 2B, EPA1968 LOD+NMFS - 618 385 79.5 0.0

Copies of the complete Level 1 analyses are attached.

Level 2 Analysis: As previously noted, the Level 2 analysis is incomplete at this time.
The studies completed to date include only the 1928 through 1934 critical period. Data
from this period is, however, useful as it identifies the differential in the results
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between the Level 1 and 2 studies. It also identifies errors or problems assoclated
with the DWRSIM modeling results to be discussed below.

The Level 2 analysis was conducted taking into account maximum and
minimum allowable storage conditions in the CVP share of San Luis Reservoir and
water demand patterns that vary with the type of obligation ( water rights, ag contract,
M&| and refuges) and with the available supply. These demand pattern estimates are
based upon the water use in a particular month being a percentage of the total
avallable supply expressed in acre feet. Available agricultural contract demand
patterns are based upon increments of 25%. Water rights, M&I and refuge demand
patterns are at two levels, 75% or 100% supply. The initial 1928 condition was taken
from the DWRSIM outputs as the estimated CVP San Luis reservoir storage of 865
TAF as of 3/1/28. The model was then conducted as a continuous series with the end
of year reservoir storage condition being the input for the following years initial
condition.

All modeling is based upon meeting water rights, M&! and refuge obligations as
the first priority with appropriate loss factors being applied. Remaining water supplies
were allocated to meet agricultural contract obligations. These were first estimated
from the Level 1 analysis. These allocations were then adjusted up or down in 5%
increments to achieve no less then 50,000 AF minimum September 1 storage in the
CVP share of San Luis Reservoir. If an estimated allocation fell between available
demand patterns (as example, estimated allocation of 35%, falling between 25% and
50%) both the higher and lower patterns are tested to meet, but not exceed, reservoir
operational parameters as closely as possibie.

The Level 2 analyses identified a problem with the DWRSIM outputs. During the
7 year period of study there were two instances when the upper limits of CVP reservoir
storage would have been exceeded given the beginning storage condition and the
modeled rate of export vs. water demands during the period. In other words, estimated
supply exceeded demand causing a theoretical overfilling of the reservoir. This
condition would overestimate the available supply in the Level 1 analysis. These
instances are noted and quantified at the bottom line item titied *"San Luis Reservoir

CVP Exceedence”. When these conditions occurred, the following month's initial
storage condition was adjusted downward to the maximum allowed and the analysis
reinitiated from that point. Given the occurrence of this condition twice during the
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critical period, it might be expected that this situation would occur more frequently
during “normal years”.

Results of the Level 2 analyses for the 1928 through 1934 critical perlod are as
follows:

Level 2 Study Results 1928 to 1834

Agricultural Contract Allocation (%) vs. Study Case

Water Contract Year Base Study 2 EPA Study 2b
3/1/28 to 2/28/29 85% 65%
3/1/29 to 2/28/30 50% 45%
3/1/30 to 2/28/31 70% 55%
3/1/31 to 2/28/32 45% 10%
3/1/32 to 2/28/33 55% 30%
3/1/33 to 2/28/34 60% 35%
2/1/34 to 2/28/35 - A5% 30%

Average 6% 38.6%

Copies of the summary sheets for each year are attached.

Dlscussion of DWRSIM Modeling and EPA Assumptions

‘The CVPXO model used to generate the results herein is a post processor
model that uses as inputs the outputs of some other model. Thus, the results of our
modeling are no better then the outputs from the source modeling, which in this case is
DWRSIM. Many of the assumptions used in the DWRSIM modeling were stipulated by
USEPA. Other assumptions and defauit values regarding CVP operational conditions
-and limitations have been provided to DWR by USBR. There are, in our opinion,
serious errors and flaws in several of the stipulated modeling assumptions and defauit
values used in the DWRSIM modeling. These are discussed below.

EPA Standards as Modeled: This analysis is a part of the Regulatory Impact Analysis

(RIA) for the proposed Bay/Deilta standards. At the time the DWRSIM studies were

conducted the standards had not been finalized. The principal uncompleted portion of

the standards involves determination of the possible use of a sliding scale and, if

used, what the sliding scale function will be. The use and function of a sliding scale for

delta outflow requirements can have a very large impact, either positive or negative,
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on the availability of delta export water supplies. Therefore, modeling studies
conducted, on preliminary rather than final standards will produce data and an RIA that
do not accurately represent the actual impacts of the proposed standards.

P ~unl ~f Nemand (LOD): The stipulated LOD used in the studies was 6.0 Million Acre
Feet (MAF). This is supposed to represent the combined CVP + State Water Project
(SWP) delta export demand. This has been broken down as 2.9 MAF SWP demand
and 3.1 MAF CVP demand including Contra Costa Water District and system losses.
These figures are also being used in the CVPIA PEIS process for consistency
between the EPA and PEIS processes.

' It has been previously suggested that the appropriate LOD is 7.1 MAF rather
than 6.0 MAF used in the DWRSIM studies. This debate has apparently focused on the
variable SWP demands associated with Metropolitan Water District and the availability
of water from other sources. Our concern and disagreement with the modeled LOD
relates to CVP obligations. Specifically, as listed above, CVP delta export obligations
including CVPIA Level 2 refuge supplies and CCWD are 3,321,200 +/- acre feet plus
losses. Varlous estimates and studies identify CVP south of dsita losses as ranging
from 180 TAF to 260 TAF, producing a total CVP delta export obligation of 3,501,200
AF to 3,581,200 AF. In either case, CVP export demand is 400,000 to 500,000 AF In
‘excess of the 3.1 MAF used in the DWRSIM studies. ’

Prior studies at the 7.1 LOD show higher levels of base study supply when
compared to those at the 6.0 LOD because the models operate the projects to attempt
to meet whatever demand level is set. While it is understandable that there may be
some debate regarding the SWP LOD, it is clear that the 6.0 LOD with CVP obligations
set at 3.1 MAF is incorrect. The use of the 6.0 LOD causes underestimation of supplies
primarily in the base case. This in turn leads to an inaccurate portrayal of the
differential (base study vs. impact study) impacts being less then they actually are.

it is our opinion that the level of demand should be be based upon CVP
obligations at about 3,550,000 AF. SWP demands should be based upon
consideration of the variable MWD demands.

CVP Tracy Export Capabilities: The DWRSIM outputs for Tracy export lists maximum
pumping rates in some months that are in excess of the physical capabilities of the
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facllity. These excedences are as much as 11,000 AF per month and total 55,000 to
60,000 AF in several years. The use of these incorrect data leads to an overestimation
of CVP supply in many years and, therefore, a false reduction of impacts. We are
enclosing a copy of an analysis evaluating historic data for the facility and listing the
practical maximum export capabilities of Tracy Pumping Plant.

CVP San Luis Reservoir Storage Capacity; The DWRSIM modeling studigs use a CVP
San Luis Reservoir storage capacity of 971,000 AF. Data published by both DWR and
USBR list the normal maximum capacity as 966,000 AF. The 971,000 AF figure
requires encroachment of reservoir freeboard and is not a normal operating condition.
Use of the 971 TAF figure leads to a small over estimation of supply.

In summary, we believe our analysis is reasonably accurate given the
assumptions and inputs used in our model. Howsever, we make no claim that these
results are objectively accurate, due to what we believe are significant errors and flaws
in the underlying assumptions and inputs. We strongly urge the parties to this process
ta correct these erroneous assumptions; otherwise, we believe that the end product,
the RIA, wiil be flawed and subject to both technical and legal challenges as to its
adequacy. |

Enclosures

cc Dan Nelson
Jason Peltier
Frances Mizuno
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CVP South Delta Water Supply Impacts

EPA Base Study 2
[D1485 + NMFS Salmon ]

Avallable Ag Contractor

Includes wheeled D-1485 water pumped through Banks.

Exchange Contract 888.1 KAF full supply and 666.1 KAF (75% supply) when Shasta Inflow Criteria is not met.

Refuges and M&l: Receives not less than 75% of Level 2 supplies under CVPIA. (247.4 KAF refuge full supply

with 37 IKAF for Kesterson Mitigation. M&! never receives less than 75% of 155.1 KAF)

Losses: 260 KAF regardless of delivered quantites (Includes losses in DMC and Mendota Pool).
Ag Contractors 1899.0 KAF full supply .
San Luis Unit 1236.5 KAF
DMC (Ag Only) 407.2 KAF
San Felipse 68.7 KAF
Mendota Pool 58.6 KAF
.. Cross Valley . 128 KAF
CVPEPAR2.WB1 [TAB) Reviscd 080294

San Joaquin Annual Exchange M&l,
Shasta  Year Flow Cvp cvp Contraclor Refuges, For Ag Allocation
Year Inflow  Type toPool Exports Water Supply| Allocation Losses Contractors (%)
rgou g w1 76 3 0 2543 2543 8886.1 600.7 1054.3 55.5
1969 7666 1 383 2914 3297 888.1 674.8 1734.5 91.3
1970 l904 1 8 2554 2562 888.1 600.7 1073.1 56.5
41971 7316 1 0 2991 2991 868.1 615.7 1487.2 78.3
1972 5076 3 0 2950 2950 888.1 607.8 1454.1 76.6
1973 6162 - ~175 2846 3021 B888.1 621.5 1511.4 79.6
1974 10782 1 202 3026 3228 868.1 661.4 1678.3 88.4
1975 6391 2 24 2710 2734 888.1 600.7 1245.3 65.6
1976 3597 6 0 2545 2545 888.1 600.7 1056.3 55.6
1977 2625 65 0 1/00) 1600} 666.1 600.7 L L] 17.8
1978 7827 i 367 wocl 2689 888.1 600.7 14uv.2 63.2
1979 4025 5 58 2853 2911 888.1 600.7 44223 740
1980 5418 1 414 2603 3017 888.1 620.7 1oU7.9 7Y.4
1981 4098 6 14 2950 2951 888.1 608.0 1454.9 76.6
1982 9011 1 321 3005 3326 888.1 680.4 1757.5 92.6
1983 1n7og 1 713 2577 3290 888.1 673.4 1728.4 91.0
1984 Yoo/ 1 184 2363 2547 888.1 600.7 1058.7 55.7
1985 3972 5 0 2941 2941 ARA 4 606.1 1446.8 76.2
1986 7547 1 372 2644 3016 000. | 620.5 1507.2 79.4
1987 3947 6 2 3037 3039 888.1 625.0 1525.9 80.4
1988 3930 6 0 2592 2592 888.1 600.7 1103.3 58.1
1989 4755 3 0 2859 2859 868.11 . ©600.7 1370.3 72.2
1990 3619 6 0 2739 2739 868.1 600.7 1250.3 65.8
1991 3051 [ 0 2221 2221 666.1 600.7 854.3 50.3
1992 3621 6 0 2276 2276 666.1 500.7 1009.3 53.1
71 Year Average (%) 81.4 98.6 82.7 71.2]
1928-34 Average (%) 71.4 80.6 79.8 56.9
Ace: -mgtions:
wAapulLS] exports generated Wm vuiea ona g.ﬁ ﬁm EUE E §Wﬁ demand
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CVP San Luis Storage (KAF)

Est CVP Tracy Export (KAF)

Actual CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWP/CVP Banks Export (KAF)

San Joaquin River Flows to Mendota Pool
Gross Available CVP Supply {KAF)

Upper DMC Demands (KAF)

Lower DMC Demands {KAF)

Estirnated Upper/Lower DMC Defiveries
Actual UpperiLower DMC Dellveries

Water Rights Contract Demands (KAF)

Estimated Pool Deliveries
Actual Pool Deilveries

Estimated SLU Deilveriea
Actual SLU Dellverles

Estimated San Fellpe Div, Dellveries
Actual San Felipe Div, Dellveries

Estimated Southern CVP Dellveries
Actual Southern CVP Oeliverles

Total Dellveries South of Delta
Estimated EOM San Luis CVP Res. Storage

Adjusted Maximum EOM Storage (KAF)
San Luls CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS
EPA BASE STUDY 2

San Luis CVP Slorage (KAF)y. . = 859.0 Group 2 Allocation (%) .85 -
As of: .03/01/28 Exchange Contractors (%) - 100
Demand Paltern (% year) 75 -
Water Year 1928-29
March April May June July August September October November December January February
859.0] 971.0[ 947.6] 791.2 444.01  144.6/ 51.2 195.81 262.8 413.9 583.7 68429
275.0] 213.0] 184.0] 179.0 283.0] 2420 258.0 199.0 254.0 262.0|. _ 260.0 161.0
0 0.0 ,00]0 0.0{ " 00 - 00l - 00 - 0.0 0.0] - 2000 " 00[--00] 0.0
19.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 7.0 25.0 0.0 0.0
219.0{.. - -0.0 0.0 0.0 40 - - 0.0 0.0 0.0 ~-:2,0f .t 2501 .- 0.0]. --% - 0.0
0.0} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1153.0] 1184.0],1131.6] 870.2 128.0 386.6 309.2 364.8 523.8 700.9 843.7 803.9
19.2] 29.0[ 42.1] S4.8 634 35.4 21.0 .7 17.8 10.8 19.9 7.5
140 225/ 31.6] 23519 42.0 2.3 2.0 37.2 17.6 7.7 16.0 13.4
33.2] 5151 73.7] 88.9 105.4 58.7 42.0 70.9 35.4 18.5 35.9 30.9
- 0.0 0.0 0.0 0.0 0.0 - 0.0 "~ 0.0 0.0 ‘0.0 0.0 0.0] - - - 0.0
[ “28.4f 702 eas] 16251 170.5] 100.4] 18.7) 14.2) 22.2[ 34|  62.6] 93.3|
9.7 11.8 15.2| 18.2 19.1 13.5 10.6 15.0 10.1 7.9 9.7 9.6
- - 0.0 0.0 0.0 0.0 0.0 0.0 0.0{" 0.0] - 0.0 0.0 0.0{ - - 0.0
62.1 84.0] 129.8] 213.6 239.9 133.6 27.0 18.9 24.9 35.9 557 52.7
0.01- 0.0 0.0 0.0 0.0/- - 00 0.0 0.0 0.0 0.0 0.0 - 0.0
5.8 5.1 12.9 15.9 17.0 9.9 1.5 1.3 11.5 11.9 8.2 8.5
00{. -.00f 00} - 0.0 0.0 - 0.0 0.0 - . 0.0 0.0 0.0 0.0 -~ 00
8.3 8.5 132 21.8 24.5 13.6 2.6 1.8 2.4 3.6 5.5 5.2
0.0l - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0f - - 0.0
149.9 .4 4] 529.2{ 583.4] J335.4 113.4}) 132.0] 109.9( 117.2] 200.8] 201.4]
1003.1{ 847.6] 791.2] 441.0 144.6 51,2 195.8 262.8 413.9 583.7 642.9 602.5
~i971.0§:==.0.0] - - 0.0] " 0.0{-="=-0.0 2 0.0f - -=iaA0.0] e 0.0] 0w 0,007 3 0,0] 0 E=-0.0) 1 00,0
32.1

Esporta gensrated with DWRSIM basad on s 6.0 MAF CVP & SWP dermand
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San Luls & Ceda Mendata Water Autharity

CVP San Luls Storage [KAF)

Est. CVP Tracy Expont (KAF)

Actuaf CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWPICVP Banks Export (KAF)

San Joaquin River Flows to Mendota Peod
Gross Avisilable CVP Supply (KAF)

Upper DMC Demands {KAF)

Lower DMC Demands (KAF)

Estimated Upper/Lower DMC Dellveries
Actual UpperfLower DMC Deliveries

Water Rights Contract Demands (KAF)

Estimated Pool Dellveries
Actual Pool Delfveries

Estimated SLU Dellverles
Actual SLU Dellverles

Estimaled San Felipe Div, Delfveries
Actual San Felipe Dlv. Dellveries

Estimated Southern CVP Deliverles
Actual Soulhern CVP Dellveries

Total Daliveries South of Delta
Eslimated EOM San Luls CVP Ras. Storage

Adjusted Maximum EOM Storage (KAF)
San Luls CYP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA BASE STUDY 2
Sen Luis CVP Storage {KAF). ---. 6025 Group 2 Allocation (%) c S0 .
) As of. - 03/01/29 Exchenge Contractors (%6) - . ~75..
Demand Pattern (% yeat) =~ 'S0~ -
Water Year 1929-30
March Aprll  May June July _August September Oclober November December January February
8025 600.1] 5002 3833 183.4 50.7] 161.4 259.8 304.0 468.5 661.8 600.5]
123.0 80.0{ 136.0f 179.0 283.0 291.0 183.0 160.0 248.0 262.0 260.0 165.
..-0.0]. 0.0 00}l- 00 0.0 0.0 .. 0.0 0.0} - - 0.0 .ol .-00} - - .0
0.0 0.0 0.0 0.0 0.0 34.0 0.0 0.0 0.0 0.0 0.0 0.
“. 1 0.0f 0.0 0.0 00 - - 0.0 =340 - - 0.0 0.00: = ~0.0(-2 7 - Q.0 - 0.0 Y- Qv
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
72551 680.1] 638.2{ 5623 456.4 375.7 344.4 419.8 §50.0 730.5 921.9 . 965.5
16.7 23.5 329 393 45.8 21.8 12.6 31.9 14.8 8.3 11.6 11.0)
12.7] 19.5] 26.7] 26.8 32.5 16.0 19.2 36.3 15.9 4.7 11.5 9.0l
295] 4320/ 59.5| 681 78.2 37.8 36.8 68.1 30.5 9.9 23.2 21,
.00 - 00{- 00 -00 0.0{ - 0.0 - 0.0 0.0 © 0.0 0.0 - 0.0 - 0.0y
[ 21.3] s26] 68.6] 121.9] 127.9] 75.3] 14.0] 10.7{ 16.7] 27.31 61.9] 69.9]
9.1 10.6 13.1 14,7 15.2 10.5 9.9 14.6 9.4 6.7 7.9 8.
00| - 00 0.0] - 00 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.
50.8 58.3 86.7] 1413 157.4 70.3 11.0 10.6 9.8 8.9 17.0 22.
0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 K
5.4 4.2 $1.4 13.4 14.1 7.7 6.9 7.0 11.0 . 11.0 6.8 S.4
00f -00] -00f -00 00]---.00{:-:---." 0.0 0ol --. 00 0.0 “0.0]-: 0.0
5.1 5.8 ‘8.7] 14.3 15.9 7.0 1.0 0.8 0.8 (K] 1.5 2.
00| -~ 00 2.0 0.0 0.0 0.0l - 0.0 0.0 0.0 0.0 00} . -:0.4,
I 125.4| 179.9] 2529 378.9] 415.7]  214.31 84.5] 115.8] 81.5{ 68.7]  121.4] 132.6)
§00.1] 500.2] 383.3| 1834 50.7 161.4 259.8 304.0 468.5 661.9 800.5 832.9
—_00[ - -00]- 0.0~ 0.0] - 0.0[" o0l -=-00] T - 00[==—:500] % " 00] % 0.0[>=00

Exports genernted with CWRSIM besed on 2 8.0 MAF CVP & SWP damand
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San Luis 8 Dedte Mendota Wainr Athority

CVP San Luis Slorage  AF)

Est. CVP Tracy Export (KAF)

Actual CVP Tracy Export {KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWP/CVP Banks Export (KAF)

San Joaquin River Flows to Mendota Pool
Gross Avallable CVP Supply (KAF)

Upper DMC Demands (KAF)

Lower DMC Demands (KAF)

Estimated UpperiLower DMC Deliveries
Actual Upper/Lower DMC Deliveries

Water Rights Contract Demands (KAF)

Estimated Pool Dellveries
Actual Pool Deliveries

Estimated SLU Deliveries
Actual SLU Dellveries

Estimated San Fellpe Div. Dellveries
Actual San Felipe Div. Dellveries

Estimated Southern CVP Dellveries
Actual Southern CVP Dellveries

Total Dellverles South of Detta
Estimated EOM San Luls CVP Res, Storage

Adjuated Maximum EOM Storage (KAF)
San Luis CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA BASE STUDY 2

San Luis CVP Storage (KAF). .. : 8328 Group 2 Allocation (%) S 70 L

/ As 5t 03401730 Exchange Contraclors (%) -~ ~100-:7

Demand Pattem (% year) - - S0 - .

Water Year 1930-31
March April  May June July August September October November December January February

832.9] 911.4] 796.9] 654.6/ 330.7 62.1 1225 275.8 342.7 504.8 759.8| 868.8
241.0] 117.01 184.00 1790 283.0{ 2910 248.0 191.0 254.0 262.0 260.0 145.0
00| --0.0[ - -00l -00] 00l - 00l ool o0[ - -~ 00 o0l - 00 200
0.0 0.0 0.0 0.0 0.0 50.0 0.0 0.0 0.0 76.0 0.0 0.0
b -2 001 - 0.0]:--0.0f- "00{.: . 00} 500 - 00 0.0 20.0( ... 7600 - - 00| - - .00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1073.91 1028.4] 880.9] 633.8 613.7 403.1 370.5 466.6 5§96.7 842.8 1019.8 1013.8
21.0f 283; 40.1] 51.1 58.9 21.7 18.4 32.5 15.3 6.0 12.9 128
15.0 221 30.5§ 3d.1 36.§ 19.1 19.6 38.6 16.2 5.1 12.2 10.9
38.0 50.4 70.6( 84.3 98.5 46.8 38.0 69.1 31.8 11.1 25.1 23.6
© 0.0 DD 0.0 0.0 0.0] 0.0{ " 0.0 0.0 0.0 0.0]. 0.0 = -0.0
[ 284] 702] 88.8] 162.5] 170.5[  100.4] 18.7| 14.2} 22.2[ 36.4] 82.61 93.3]
10.0 11.6 14.7} 1713 18.1 11.8 10.1 14.7 9.6 6.9 8.1 8.5
- 0.0 0.0 0.0 0.0 00| - 00 0.0 0.0 0.0 - 0.0 0.0 ~ 0.0
70.4 80.8( 120,3| 1964 218.9 97.5 14.7 13.5 13.0 13.3 22.9 30.
0.0 0.0]- - 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0} - 0.0 - 0.0]
6.1 5.0 125 16.3 16.3 8.6 7.1 7.1 11.1 11.1 7.0 S.7
00{- 00 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0} . 0.0} -0.0
1.2 8.2 12.2] 20.0 22.3 98 1.3 1.1 1.2 1.3 2.2 3.0
0.0 00]- 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - a0 0.0
[T 162.5] 231.5] 926.1] 503.1]  551.8] _ 200.8] 34.8[ 123.9)_ 91.9] 83.0] _ 151.1] 168.2)
911.4{ 796.9] 654.8| 330.7 62.1 122.8 Z15.6 2T 504.8 759.8 868.8 845.5{
- 40,0] i=: 0.0 —~ 0.0} “-0.0{ - -~ 0.0 0.0 -0.0f - 0.0 =~ =0,0] -0 0.0 <7 0.0 - 0.0l

Exports generated with OWRSIM based on @ 8.0 MAF CVP & SWP dermvand

Revisad: 04004 11:04:54



SN Lan & Delty Menootd vWates Aunoiry

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS
EPA BASE STUDY 2

San Luis CVP Storage (KAF): . 8455 Group 2 Aliocation (%) .. 45..- -
Asof. 03/01/31 Exchange Contractors (%) -~ .. 75
Demand Pattem (% year) ~  §0.'T-
Water Year 193132
March April May June July Auqust September October November ODecember January February

CVP San Luls Storage {KAF) 845.51 809.6] 664.2] 4951] 2850 99.7 87.7 107.5 161.8 307.6 502.2 643.0
Est, _CVP Tracy Export (KAF) 82.0 26.0 71.01 148.0 207.0 172.0 123.0 189.0 226.0 262.0 280.0 240.0
Actual CVP Tracy Export (KAF) _-0.0] <00} . 00f .-00f.. 0.0 --0.0f" 0.0f © - -0.0[.. .00{-. - 0.0 0.0} -+:.-'0.0
Est. SWP/CVP Banks Export (KAF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Actual SWP/CVP Banks Export (KAF) - 9,00 --~0.0f. - 0.0 -00f{ " --00f-...00 -00f .- .00 .. ::00f-~-"-00[. " .00} :-00
San Joaquin River Flows to Mendota Pool 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gross Available CVP Supply (KAF) 927.5] 835.6] 735.2] 843.1 492.0 271.7 190.7f 276.5 387.8 569.8 762.2 883.0
Upper DMC Demands [KAF) 15.7 23 1.4 364 42.5 20.4 17.4 31.7 14.4 5,1 1.3 10.6
Lower DMC Demands (KAF) 122( 18.9] 257 252 30.7 15.2 19.1 38.2 15.8 4.5 11.4 9.7
Estimated Upper/Lower DMC Deliveries 27.8 41.2 56.8f 61.6 73.2 35.6 36.5 87.9 30.2 9.7 227 20.3
Actual Upperf.ower DMC Dellverles 2.0 - 00 . 0.0 ‘0.0 0.0 00 0.0 - 00{ . -000 - 00D . 00/ - - 0.0
Water Rights Contract Demands {(KAF) { 213 s2.8] 686 121.8]  127.9] 753[ 14.0( 10.7] 16.7] 27.3( 61.9] 69.9}
Estimated Pool Dellveries 3.9 10.3 12.7] 14.1 14.4 10.2 9.8 14.5 9.4 6.7 7.8 8.1
Actual Pool Dellveries 9.0 0.0{ :00] "00 0.0 0.0 . 0.0 - 0.00 - 00l -~ -00 : 00f . 0.0
Estimated SLU Dellverles 43.7) 52711 78.3f 127.8 142.0 63.5 10.1 9.8 9.0 9.0 15.5 20.8
Actuzd SLU Deliveries 'Q.0f - 0.0 0.0 0.0 0.0(- - 0.0 0.0 0.0 00f .- 0.0 - 00 -~ 0.0
Estimated San Felipe Div. Deliverles 5.3 40 1.1 128 13.8 1.5 6.9 8.9 11.0 11.0 6.8 5.3
Actual San Felipe Div, Dellveries 20} . 0.0 0.0 €.0 00| - 0.0f .- 0.0 - a.0] - 00]°7:- 00 " -00|. .-. 00
Estimated Southern CVP Dellveriau .48 52 7.8{ 12.8 14.3 6.3 0.9 0.7 0.7 0.8 1.4 1.9
Actual Southern CVP Dellveries 2.0{ - 0.0 '0.0 0.0 0.0 0.01 - 0.0 0.0 00 = - 0.0} 0.0 - 0.0
Total Deliverles South of Delta | 11 79] 171.4| 240.2{ 358.0( 392.4] 204.0) 83.1[ 114,71 80.3{ 673 119.2] 129.5
Estimated EOM San Luls CVYP Res. Storage 809.6{ 634.2) 495.1] 285.0 99.7 67.7 107.5 161.8 307.6 502.2 843.01 = 753.6
AdJusted Maximum EOM Storage (KAF) ~-Q,0f --+-0.0{ - 0.0{ " 0.0 =0.0f - 0.0l - 00{- 0 0.0]- . 70,00 o ..0.0) - 5-00)0 - 0.0
San Luls CVP Exceedance .

Exports genevstnd with DWRSIM based on 8 0 MAF CVP & SWP demand

Revised: 080/ 100131



San Lws & Delta Mendota Wabar Autherity

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA BASE STUDY 2

San Luis CVP Storage (KAF). . - 753.6, Group 2 Allocabion (%) = -
As ot 03/01/32 Exchange Contraclors (%6) 7% -
Demand Patlern (% yoar} . - 50 .-
Water Year 1932-33
March April May June July  Auqust September October November December January February
CVP San Luis Storage (KAF) 753.61 697.7| 620.3| 617.9 443.1 89.1 135.5 297.6 355.6 473.91 700.9! 837.3
Est. CVP Tracy Export (KAF) 77.0] 1110 184.01 179.0 85.0] 271.0 248.0 175.0 201.0 252.0 260.0 136.0
Actual CVP Tracy Export (KAF) 0.0l ~00{: 00| --00] --00{ - "00] - - ".0.0] . - 00).- :-c00f . .:000 .-:00l-7:70.0
€32, SWP/CVP Banks Export (KAF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.0 0.0 0.0
Actual SWP/CVP Banks Export (KAF) .00 -00]---0.0] =0.0fF 0.0/ - 0.00-% :t0.0f-v. 000 - =0.0f =) 38,0 T s 00 1= 0.0
San Joaquin River Flows to Mendata Pool 0.0 0.0{ 79.3] 480 0.0 0.0 ’ 0.0 0.0 0.0 0.0 0.0 0.0
Graoss Available CVP Supply (KAF) 830.61 808.7] 883.8] 8429 526.1 380.1 383.5 472.6 §56.6 770.9 9680.9| . 973.3
Upper DMC Demands (KAF) 17.8 24.7] 3471 423 49.1 23.3 17.8 32.0 14.8 5.4 11.91 11.5
Lower OMC Demands (KAF}) 13.3] 202] 2768{ 284 34.2 16.8 13.3 36.3 15.9) - 4.8 11.7 10.2
Estimated Upper/Lower DMC Deliveries 31.1 449] 623| 70.7 83.3 40.1 37.1 68.4 30.7 10.2 237 21.6
Actuai UpperfLower DMC Delivecies 0.0 0.0 0.0 0.0 0.0 00f -~ 0.0 0.0{" .--00] 0 - @0l . 00] .- 0.0
Water Rights Contract Demands (KAF) [ 21.3] s26] es86] 121.9] 1279  75.3] " 14.0] 10.71 16.7] 27.3] 61.9[ 69.9]
Estimated Poal Deliveries 9.3 10.8( 13.5{ 154 156.9 10.8 9.9 14.6 8.5 6.8 7.9 8.2
Actual Pool Deliveries . . 00]: o00f -00 0.01 . 0.0 00] -~ - -00]- 0.0 00| - 0.0 - 00l . - 06
Estimated SLU Deliveries 56.6] 63.9) 95.1{ 155.1 172.8 771 11.9 1.3 10.6 10.7 18.5 24.7
Actual SLU Deliverles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0] - 0.0 00| -~ 0.0
Estimated San Felipe Div. Dellverles 5.6] 4.4 11.7 13.8 14.7 7.9 7.0 7.0 11.0 1.0 6.9 5.5
Actual San Felipe Div. Dellveries 0.0l 0o 0.0 00/ .- 00 0.0 ” 0.0 00| - - 0.0 - 0.0 001 00
Estimated Southern CVP Dellveries 5.6 6.4 9.6 15.7 17.5 7.7 1.1 0.8 0.9 1.0 1.7 23
Actual Southern CVP Dellveries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0
Total Dellveries South of Deita l 132.9{ 188.4] 265.6] 399.8{ 430.0[ 224.6] 86.0] 117.0] 82.7( 70.0( 123.7] 135.6]
Estimsted EOM San Luls CVP Res. Storage 697.71 6203[ 617.9{ 443.1 89.1]° 1355 297.6 355.6 473.9 700.9 837.3 837.8
Ad]usted Maximum EOM Storage (KAF) 0,00 - 0,00 -~-00] - 0.0] -~ 00} - 00§ -~ir o 0.0{ e 0,000,002 0. 0.0) v 0.0 5= - <00
San Luls CVP Exceedance

Exporte genanuted with OWRSIM based on & .0 MAF CVP & SWP demand

Revised: O/00/84 1022213



San Luis & Dela Mendola YWalar Authority

CVP San Luis Storage (KAF)

Est. CVP Tracy Export (KAF)

Actual CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWP/CVP Banks Export (KAF)

San Joaquin River Flows to Mendota Pool
Gross Avaliable CVP Supply (KAF)

Upper DMC Demands (KAF)

Lower DMC Demanda (KAF)

Estimated Upper/iLower DMC Dellveries
Actual Upper/Lower DMC Deliveries

Water Rights Contract Demands (KAF)

Estimated Pool Deliveries
Actual Pool Deliveries

Estimated SLU Deliveries
Actusi SLU Dedllverles

Estimated San Felipe Div, Deliveries
Actual San Felipe Dlv. Deliveries

Estimated Southern CVP Dellveries
Actual Southern CVP Deliveries

Total Deliveries Sauth of Delta
Estimated EOM San Luls CVP Rea. Storage

AdJusted Maximum EOM Storage (KAF)
San Luls CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA BASE STUDY 2

San Luis CVP Slorage (KAF). 837.6 Graup 2 Allocation (%) - 802

As of: 030133 Exchange Contractors (%) ...75°" ..

Demand Pattem (% year) ~ ° 507

Water Year 1933-34
March April  May June July  Augus! September October November December January February

837.8f 755.2f 648.3| 458.9 217.2 75.81 §7.9 108.6 191.5 338.6 529.3 853.4
58.0 90.0 89.0] 179.0 283.0 227.0 128.0 201.0 231.0 262.0 250.0 190.0
- 00j--000---0.0] -~ 0.0{- - 0.0 ©---0.0 - 00l - - 00 -0.0f - :0.0[ - 0.0 . 0.0
0.0 0.0 0.0 0.0 38.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
~- .0,0}- %= 70,0[=--.0.0f - --0.0{.:  38.0f-- 0.0t~ =+-0.0[ = - 00)~ 10.0] - =0,0[- 7 0.0 ‘0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0
895.6! 845.2f 737.3f 8379 538.2 302.8 195.9 309.6 422.5 600.6 788.3 - 853.4
18.8 25.9 36.5! 45.2 52.4 24.7 18.0 322 14.9 5.6 12.3 11.9
13.9 20.8 28.6] 30.0 38.0 17.5 19.4 36.4 16.0 4.9 11.9 10.4
J32.7] 46.7] 651 752 88.4 423 37.4 68.6 31.0 10.5 24.% 23
© 00| - .0.0 0.0 0.0 0.0] 0.0 0.0 0.0 Q.0 . 0.0 - 0.0 ' 0.0
L 213] s28] ese6] 121.9( 12798 753 14.0] 10.7] 16.7] 273 619} 69.9]
9.6 11.1 13.9 16.0 16.8 11.2 10.0 14.8 9.5 6.8 8.0 8.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ~ 0o 0.0 - 00 0.6
60.5 69.6] 103.5] 168.8 188.2 83.9 12.9 12.0 11.4 11.6 20.0 20.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 - 0.0 0.0
6.8 4.8 11.9] 143 15.2 8.2 7.0 7.0 11.0 11.1 6.9 56
0.0l -~ 0.0 0.0} 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.1 7.0 10.4 17:1 19.1 8.4 12 0.9 1.0 1.1 1.8 2.5
0.0f - G0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[ 140.4) 197.0( 27R.4( 420.7! 462.4] 234.8] 87.41 118.14 83.9] 71.3( 125.9] 138.7}
755.2| 648.3| 458.9] 217.2 75.8 67.9 104.6 181.5 338.6 529.3 663.4 714.8
-.00] -~ 00|~ 00{ 00 0.0{-: <0,0]= -~ ~~0.00 ~=- ~. 0.0 "~ 20,0f < e 10,08 0.0)7550 0.0

Exports generaled with CWRSIM based on 3 6.0 MAF CVP & SWP demand

Revieed; 0&00/84 1051:23



San Luis & Dedla Mendola Waler Autharity

CVP San Luls Storage (KAF)

Est. CVP Tracy Export (KAF)

Actual CVP Tracy Expont (KAF)

Est. SWP/CVP Banks Export (KAF)

Actusl SWP/CVP Banks Export (KAF)

San Joaquin River Flows to Mendata Pool
Grogs Avsilable CVP Supply (KAF)

Upper DMC Demands {KAF)

Lower DMC Demands (KAF)

Estimaled Upperfower DMC Deliveries
Actual UpperfLower DMC Deliveries

Water Rights Contract Demands (KAF)

Estimaied Pool Deliveries
Actual Pool Dellveries

Estimated SLU Deliveries -
Actual SLU Dellverles

Estimated San Fellpe Dlv. Deliveries
Actual San Felipe Div. Deliveries

Estimated Southern CVP Deliveries
Actuaj Southern CVP Dellveries

Total Dellveries South of Defta
Estimated EOM San Luis CVP Res. Storage

Adjusted Maximuym EOM Storege (KAF)
San Luis CVP Exceedunce

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA BASE STUDY 2
{ San Luis CYP Storage (KAF): .714.8 Group 2 Altocation (%) - 45:; .
As of.  03/01/34 Exchange Contractors () a5
Demand Patiern (% year) 50
Water Year 1934-35

March April  May June July August Seplember Oclober November December January February
714.6] 704.7] 548.3| 427.2 218.1 78.8 86.81 144.8 207.9 354.7 625.3 766.1
108.0 15.0{ 149.0] 149.0 253.0 212.0 . 141.0 178.0 221.0 _2620 260.0 1581.0
- - 00F'---00f -00f -00{ - 001 0.0 0.0l . 00 © 0.0 0 v 0.0 0.0l .~ ...0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 78.0 0.0 0.0
0.0 0.0]----0.0 0.0 0.0{- .00 . 0.0 0.0f - -00f- 780 - - 006 -: 00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0_._Q
822.6] 719.7] 687.3] 576.2 4711 290.8 227.8 322.6 434.9 692.7 885.3 ()
15.7 223 31.1 36.4 425 20.4 17.4 31.7 14.4 5.1 11.3 10.6
12.2 18.9 2571 252 30.7 15.2 19.1 36.2 15.8 46 11.4 9.7
27.8] 41.2) 56.8] 616 73.2 35.6 36.5 67.9 30.2 9.7 227 20.3
0.0 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 0.0 0.0} 0.0
[ 213 s26] 666] 1219 1279  753] 14.0] 10.7/ 16.7] 27.3] 81.9] 69.9]
8.9 10.3 12,71 141 14.4 30.2 9.8 14.5 9.4 6.7 7.8 8.1
0.0{ - 0.0 - 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0
45.7 52.7 78.3] 1275 142.0 63.5 10.1 9.8 9.0 9.0 18.5 20.6
- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
53 4.0 11.1 12.9 13.6 7.5 6.9 6.9 11.0 11.0 8.8 5.3
00i:. 00 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.6 5.2 78| 128 14.3 6.3 0.9 0.7 0.7 0.8 1.4 1.9
00{° 00| . 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
{179 _171.4] 240.2] 358.0] 392.4] 204.0] 83.11 114.7] 80.3] 67.3]  119.2] 120.5)
704.7f 548.3| 427.2} 218.1 78.8 86.8 144.6 207.9 354.7 625.3 768.1 787.7
=0.0f =+*-0.0{ ~ *~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ©00] 00} .00

Exports gencrsied with DWRSIM based ort 8 6.0 MAF CVP & SWP dermand

Revisad: 020084 10:55:28
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CVP South Delta Water Supply impacts
EPA Study 2B
[Base + NMFS Salmon + EPA 1968 LLOD]

San Joaquin Annual | Exchangs  M&I Available  Ag Contractor
Shasta  Year Flow Cvp cvp Contractor Refuges, For Ag Allocation
Year Inflow Type to Pool  Exporls Water Supply § Allocation Losses Contractors (%)
Units are thousands of arce feet
1922 4548 2 190 2631 2821 888.1 600.7 1332.3 70.2
1923 3635 .3 0 2661 2661 888.1 600.7 1172.3 61.7
19241 2439 6 0 2436 2436 666.1 600.7 1169.3 61.8
1925 5035 2 0 2360 2360 888.1 600.7 871.2 45.9
1926 3741 5 0 2549 2549 888.1 600.7 1060.3 55.8
1927 691/ 1 124 2715 2839 888.1 600.7 1350.3 71.1
| 1928 5105 2 0 2768 2768 888.1 600.7 1279.3 67.4
1929 3176 6 0 2405 2405 666.1 600.7 1138.3 59.9
11930 4147 3 0 2335 2335 888.1 600.7 846.2 44 6
1931 2536 8 0 1486 1486 666.1 600.7 2193 A1 e
1932 3624 3 125 1749 1874 666.1 600.7 607.6 3z.u
1933 3452 5 . 0 1786 1786 666.1 600.7 519.3 - 2713
1934] 3318 5 0 1769 1769 666.1 600.7 502.3 -\ 264
1935 4840 2 90 2455 2545 888.1 600.7 1058.3 55.6
1936 4605 2 98 2712 2810 888.1 600.7 1321.3 69.6
1837 4117 3 190 2746 2936 888.1 605.1 1442.8 76.0
1938 QR11 1 376 2588 29641 - 888.1 610.4 1465.1 772
1939 U 6 0 2633 2633 888.1 600.7 1144.3 60.3
1840 6998 1 57 2649 2706 888.1 600.7 1217.3 64.1
1941 8701 1 280 2678 2958 888.1 609.4 1460.6 188
1942 7603 1 164 2809 2973 888.1 612.2 1472.7 77.5
1843 5873 1 136 2834 2970 888.1 611.7 1470.2 77.4
1944 3670 | 5 0 2667 2667 888.1 600.7 1178.3 62.0
1945 4837 3 179 2781 2960 888.1 608.7, 1462.2 77.0
1946 5893 2 4 2705 27091 888.1 600.7 1220.3 64.3
1947 3504 5 0 2629 2629 888.1 600.7 1140.3 60.0
1948 5403 2 0 2530 2530 888.1 600.7 1041.3 54.8
1949 4324 v 0 2600 2600 888.1 600.7 1111.3 58.5
1950 | 4126 3 0 2657 2657 888.1 600.7 1168.3 61.5
1951 6314 1 45 2763 2808 888.1 600.7 1319.5 69.5
19521 7779 _|_1 334 2662 2996 888.1] 6167 1491.2 78.5
1953 6544 1 0 2686 2686 888.1 600.7 1197.3 63.0
1954 6558 2 0 2781 2781 888.1 600.7 1292.3 68.0
1955 4111 5 0 2455 2455 888.1 600.7 966.2 50.9
1956 RR21 1 264 2619 2883 888.1 600.7 1393.8 73.4
1957 | Los 3 0 2838 2838 868.1 £00.7 1349.3 71.1
1958 9696 1 241 2727 2968 886.1 611.3 1468.6 77.3
1959 I =098 5 ] ~- 2656 2656 888.1 600.7 1167.3 61.5
1960 4728 3 [ v 2597 2597 888.1 600.7 1108.3 58.4
1861 5070 5 0 2527 2527 888.1 600.7 1038.3 54.7
1962 5255 3 95 2617 2712 888.1 600.7 1223.3 64.4
1963 | 7003 1 86 2788 20874 888.1 600.7 1385.3 72.9
1964 3803 5 0 2405 2405 888.1 600.7 916.2 48.2
1985 6976 1 156 2564 2720 888.1 600.7 1231.5 64.8
1966 5319 3 4 2687 2691 888.1 600.7 1202.3 63.3
1967 7385 1 375 2631 3006 888.1 618.6 1499.4 73.0
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CVP South Delta Water Supply Impacts

EPA Study 2B
[Base + NMFS Salmon + EPA 1968 LOD]

LR b

ports:

P exports generated

Includes wheeled D-1485 water pumped through Banks.

San Joaquin Annual Exchange Ma&l, Avallable Ag Contractor
Shasta  Year Flow CVP CVP Contractor Refuges, For Ag Allocation

Year inflow  Type  to Pool Exports Water Supply | Allocation lLosses Contractors (%)
1968 | 4776 3 0 2674 2674 888.1 600.7 1185.3 62.4
1969 7666 1 383 2635 3018 888.1 621.0 1509.3 79.5
1970 | 7904 1 8 2682 2690 888.1 800.7 1201.1 63.2
1971 7316 1 0 2835 2835 888.1 600.7 1348.3 70.9
1972 RA7e 3 0 2723 2723 888.1 600.7 1234.3 65.0
1973 0 1oL 2 175 2753 2928 888.1 603.5 1436.4 75.6
1974 | 10782 1 202 2769 2971 888.1 611.8 1470.9 77.5
1975 6391 2 24 2706 2730 888.1 600.7 1241.3 65.4
1976 3597 6 0 2513 2513 868.1 600.7 1024.3 53.9
1977 2625 6 0 1084 1084 666.1 417.9 0.0 0.0
1978 7827 1 367 2205 2572 888.1 600.7 1083.2 57.0
1979 4025 5 58 2844 2902 888.1 600.7 1413.3 74.4
1980 6418 1 414 2kag 3013 888.1 619.9 1504.7 79.2
1981 4098 8 1 2008 2839 888.1 600.7 1350.3 71.1
1982 9011 1 321 2740 3061 888.1 629.2 1543.7 81.3
1983 10796 1 713 2569 3282 8068.1 671.9 1721.9 90.7
1984 =667 N 184 2484 2668 gra 1 enQ.7 1979.7 R2 1
1985 3972 > 0 2720 2720 boo. | ou0.7 1231.3 V4.0
1986 T 1 372 2588 2960 888.1 609.7 1462.0 77.0
1987 3u4q/s 6 2 2863 2865 888.1 600.7 1376.3 72.5
1988 3930 6 0 2312 2312 888.1 600.7 823.2 43.4
1989 4755 3 0 2643 2643 888.1 600.7 1154.3 60.8
1990 3619 6 0 2297 2297 888.1 600.7 808.2 42.6
1991 3051 6 0 1840 1840 666.1 600.7 573.3 30.2
__"°°" 3621 6 n 1981 1981 666.1 600.7 714.3 37.6
71 Year Average (%) 75.7 98,6 80.0 61.8
1928-34 Average (%) 60.9 80.6 79.8 3B.5

Assumptions:

Exchange Contract 888.1 KAF full supply and 666.1 KAF (75% supply) when Shasta Inflow Criteria is not met.

Refuges and M&I: Receives not less than 75% of Level 2 supplies under CVPIA. (247.4 KAF refuge full supply

with 37 KAF for Kesterson Mitigation. M&!1 never recelves less than 75% of 155.1 KAF)

iLosses: 260 KAF regardless of delivered quantites (Includes losses in DMC and Mendota Pool).
Ag Contractors 1899.0 KAF full supply .

San Luis Unit 1236.5 KAF

DMC (Ag Only) 407.2 KAF

San Felipe 68.7 KAF

Mendota Pool 58.6 KAF

Cross Valley 128 KAF

CVPEPA2B.WB1

(TAB) Raovised 07/28/94

01:30:26 PM




San Lus & Detta Merdofa Water Autharity

CVP San Luls Storage (KAF)

Est, CVP Tracy Export (KAF)

Actual CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWP/CVP Banks Export (KAF)

San Joaquin River Flows to Mendota Pool
Gross Available CVP Supply (KAF)

Upper DMC Demands {KAF)

Lower DMC Demands (KAF)

Estimated UppenLower DMC Dellveries
Actuaf Upper/Lower DMC Deliveries

Water Rights Contract Damands (KAF)

Estimated Pool Dellveries
Actual Pool Dellveries

Estimated SLU Deliverias
Actual SLU Dellveries

Estimated San Felipe Dlv. Deliverles
Actual San Fellpe Div, Dellveries

Estimated Southern CVP Deliverles
Actual Southem CVP Dellveries

Total Dellveries South of Delta
Estimated EOM San Luls CVP Ras, Storage

Ad}usted Maximum EOM Storage (KAF)
San Luis CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA STUDY 2B
San Luis CVP Storage (KAF). - :..865.0: Group 2 Allocation (%)
As ot 7702/01/28: Exchange Contractors (%)
Demand Patteen (36 year)
Water Year 1928-28
March April  May June July August Saeptember October November December January February
865.0, 971.0f 837.8{ 617.8 268.5 §2.5 105.9 244.5 366.1 516.4 599.8 777.9
275.0) 74.0{ 75.0{ 105.0 283.0f 2810 243.0 248.0 2520 262.0 260.0 161.0
00085 001/ 00[ 0.0.x7 ¢ 0.00 2 0.0[. Lo 0.0, ¢ na0.00 - S 0.0f T 0,00 200 s 0.0
0.0 0.0/ 0.0 0.0 0.0 51.0 0.0 0.0 0.0 26.0 0.0 0.0
< 02 0.0f- £0.0] - 0.0] .. 20,00 - 3.7 0,0f =, 8400 oo iz - 0.000nx 50 0.0 s en00,0) 2 T 528,00 5 0,00 - .-0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1140.0{ 1045.0} 912.8] 722.8 551.5] ° 394.5 348.9) 492 5 618.1 804.4 959.6 938.9
16.1 24.8 35.7] 44.2 51.% 26.8 19.7 32.9 18.7 9.1 17.2 14.9
§24) 20.3] 282} 29.4 35.5 19.7 20.3 36.8 17.0 8.8 14.5 12.0
28.5] 45.1] 639 736 87.1 48.5 40.1 69.7 3.8 15.8 31.8 26.9
~ - 00]-: 0.0/~ 00] - 00 - 0.0]::~-=0.0] -  .00{°- - - 00| .v-00{--"- 00/ :-00{: 00
[ 284] 702] 688] 1625] 170.5] 100.4] —18.71 14.2] 2.2] 36.4]  826] §3.3]
50| _108] 13.7] 1581 _165] 121 104 148 59 78 9.1 5.0
< 0,0].-40.0]--= 0.0{ - 0.0 - 0.0~ Q0] . - 00 - -0.6f 7~ -0.0[ - 20.0{ i 0.0] ~51.0.0
47.8 64.7 §9.9] 164.1 184.3 102.7 21.0 15.2 19.5 27.7 43.1 40.9
0.0] :*-.0.0/-=" 0.0} --00{-"-~-0@Q - -00] - . 00/ - - 0.0 00{ . -09 -- -00f . -00
53 4.4 11.8 14.2 15.1 8.8 7.3 7.1 11.3 11.6 1.7 8.1
- 00lv--0.00 2000 -00f . 00l 00f - .-..00{" - .00{ 7°..00] .00 - :00{ .00
4.8 6.5 10.1{ 16.6 18.7 10.4 20 1.2 18 2.7 4.2 4.0
©0.01-: 00| +-00{--"0a} -:-00] ° 00 - -0.0 ) 00] - --00|--3:00~ - 00f - -0.0
{ 128.2] 207.2] 295.1] 454.2[ 498.1] 288.6] 104.4] 126.4| 101.7f 104.8] 181.7| 183.41 .
1011.8{ 837.8] 617.8( 2668.5 5§2.5 105.9 244.5 366.1 518.4 899.6 777.9 755.5
<974.0{ =70.0} 7 £0.0] = Q:0) =<2 0.0] 220,00 TiF i 0.0 2= 10,0 20,0 == 0.0] ik 2002 - 5= 0.0
40.8

Exports ganerated with DWRSIM beaad on 2 8.0 MAF CVP § SWP damand

Revised: 080294 10:16:18



DWMN LUIT ¢ UTR2 MeNgola VValar AUONy

CVP San Luis Storage [KAF)

Est, CVP Tracy Export (KAF)

Actusl CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export (KAF)

Actual SWP/CVP Banks Export (KAF)

San Jomjuin River Flows {o Mendota Pool
Gross Avallable CVP Supply (KAF)

Upper DMC Demands (KAF)

Lower DMC Demands (KAF)

Estimated UpperLower DMC Deliveries
Actual Upper/lLower DWC Deliveries
Water Rights Contract Demands (KAF)

Estimated Pool Daliveries
Actual Pool Deliveries

Estimated SLU Dellveries
Actual SLU Oeliveries

Estimated San Felipe Div. Dellveries
Actuzl San Felipe Div. Deliveries

Estimated Southem CVP Deiiveries
Actual Southemn CVP Dellveries

Total Deitveries South of Delta

Estimated EOM San Luls CVP Res. Storage

Adjusted Maximum EOM Storage {KAF)
San Luls CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA STUDY 2B
San Luis CVP Storage (KAF). - - .755.5 Group 2 Allocation (%) - 45
As of; - 03/01/29 Exchange Contractors (%) = 751"
Demand Paltem (% year) =~ SO
Water Year 1929-30

March April  May June ° July  Auqust Septamber October November Oecember Janvary February
755.5{ 734.6( 634.2] 468.1 217.0 121.7) 298.7 384.5 - 433.8 §95.6 790.2 931.0
97.0 71.0 74.01_107.0 283.0 291.0 169.0 184.0 242.0 2820 260.0 160.0
. 0.0] +..00[*--00)--. 00l ... .00l 00 --0.00 - . 0.0] : =.0.0 - 00 0.0l 0.0
0.0 0.0 0.0 0.0 14.0 90.0 0.0 0.0 0.0 0.0 0.0 0.0

= -+ 0,00+ -0.0} = 0.0} - -0.0 14.0{ - : 80.0}.: - 0.0 . . :00}. +--:0.0 00!~ - 0.0 - 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
852.5| 805.8] 708.2| 575.1 514.0 502,7 481.7 548.5 675.8 8578} 1050.2 1091.0
15.7 223 3.1 364 42.5 20.4! 17.4 31.7 14,4 51 11.3 10.6
12.2 188] 25.71 25.2 30.7 15.2( 19.1 36.2 15.8 46 11.4 9.7
27.8 41.2 56.8)] 61.6 3.2 35.8 36.5 67.9 30.2 9.7 7 20.3

- 0.0 0,0 0.0 0.0 0.0 0.0 10.0{ - - 0.0{ .- ..00 0.0 - 0.0 - 0.0
(213[ s26] 686] 12491 12791 753] 14.0] 10.7} 16.7] 273 619 69.9]
8.9 10.3 127 141 14.4 10,2 9.8 14.5 9.4 6.7 l 7.8 8.1
- 0.0] -~.-0.0 00{ : 00]° - 0.0 --0.0 - 0.0 - .0.0}- --~. .00{.- Q0] . 0.0} --+--00
45.7 52.7 78.3} 127.5 142.0 8§3.5 10.1] 9.8 9.0 9.0 15.5 20.6
~0.0§ “-0.0[- - 0.0/ 00 - -0.0f---- 0.0 -0.0} - 0.0 = 0.0 ‘00{ - '-0.00 - 00
5.3 4.0 11.1] 129 13.6 1.5 6.9 8.9 11.0 11.0 6.8 5.3
0.0} -~ 0.0 - +:0.0]-. - 0.0{ .. 0.0 0.0{ - . 001 - - 001+ --0.0f ... 00§- - 00 - 0.0
4.6 5.2 7.8/ 128 14.3 6.3 0.9 0.7 0.7 0.8 1.4 1.9
-0.0] == 0.0] "~ 0.0 001~ : 00l --.00 0.0 - 00{.:--=00] " 0.0) - =200 0.0
[ 117.9] 171.4] 240.2] 358.0] 392.4] 204.0] 83.1) 114.7) 80.3] 87.3] 118.2] 129.5]
734.6] 634.2] 488.1} 217.0 121.7 298.7 384.6 433.8 595.6 7902 931.0 £861.6
=e:.0,0)~=20.0f == 0.0] -=-0.0( ->:=:-0.0] ~oep.0] 0= 0,0 - - 0.0 === 0.0 7= < 0.0] -t = 0.0] 2.2 0.0

{

Exporis gereruled with DWRSIM besed on 8 6.0 MAF CVP & SWP damand

Revised: 080284 13:03:41



Sdn LS 6 Lea Menocta yWaler Auncnty

CVP San Luis Storage (KAF)

Est. CVP Tracy Export (KAF)

Actual CVP Tracy Export (KAF)

Est. SWP/CVP Banks Export {KAF)

Actual SWP/CVP Banks Export (KAF)

San Joaquin River Fiows to Mendota Pool
Gross Available CVP Supply (KAF)

Upper DMC Demands (KAF)

Lower DMC Demands (KAF)

Estimated Upper/l.ower OMC Dellveries
Actual Upper/Lower DHMC Daliveries

Water Rights Contract Demands (KAF)

Estimated Poo) Dellveries
Actual Pool Deliveries

Estimated SLU Deliverles
Actua SLU Dellveriles

Estimated San Fellpe Olv. Deliveries
Actual San Felipe Div. Deliveries

Estimated Southern CVP Deliveries
Actual Southern CVP Deliverles

Total Oellveries South of Delta
Estimated EOM San Luls CVP Res. Storage

Adjusted Raxlmum EOM Storage (KAF)
San Luls CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA STUDY 28
San Lurs CVP Storage (KAF)L .~ 961.5 Group 2 Allocation (%) - - .55 -
As of. -03/01/30 Exchange Contractors (%) - :-100;
Demand Paften (Y year) ~ .~ 50~
Water Year 1930-31
March April  WMay June July August September October November December January February
961.6] 971.0] 839.0] 626.2] 290.7 9211 109.4 220.8 2413 1890 616.9 732.6
2410] 740 7s5.0] 1050 283.0] 2670 202.0 141.0 236.0 2620{  260.0 88.0
0.0} -o00f ~:00] 00> "eo|l . -gaf. - .00l - 00l . ~=ool-- 0ol 00l - "-:0.0
0.0 0.0] o6 00 0.0 0.0 0.0 0.0 0.0 45.0 0.0 0.0
<. 0,0] :*--0:0§ - -0.0] 0.0} - 00[. - 00 .- 00~  00]- - .00 _.-.450{- - -@0] - 0.0
0.0 00/ 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1202.6] 1045.0] 914.0] 731.2]  573.7] _359.1 311.4 361.8 477.3 696.0/  876.8 818.6
17.8]  24.7] 34.7] 423 49.1 2.3 17.8 32.0 14.8 54 11.9 11.5
1330 202 276] 284 34.2 16.8 19.3 35.2 15.9 4.8 11.7 10.2
31.4] 44.9] 623] 707 83.3 40.1 371 68.4 30.7 0.2 23.7 21.6
0.0] - .00 .-0.0] .0.0]" 00] . 00 - 00 0.0 - - -00. . 00] - 00 - - 0.0
[ 284] 702 essl 162.57  170.5] 100.4] 18.7] 14.2] 222 64  82.6] 93.3}
93] 10.8] 135] 154 15.9 10.8 9.9 14.8 9.5 8.8 7.9 8.2
—.0.0F 00| @0 -00] . 00 ‘00 .- -00-- 00 - -00 - ---00F - . 0.0 0.0
556] 639 95.1] 155.1 172.8 77.% 11.9 11.3 10.6 10.7 18.5 24.7
"-0.0] 00| 0.0{ -0.0[ 00 - ool - o0 - 0.0l - 00| - 00] . o00] - 00
56 44 11.7] 138 14.7 7.9 7.0 7.0 11.0 11.0 6.9 5.5
- 0.0 - 00f . 0.0 -~ 00] . eo0] o0 - 00f - -oo[ . ool 00l - 00[- ° 00
58 64] 96[ 157 17.5 7.7 1.1 0.8 0.9 1.0 1.7 2.3
oo~ oo o.0f o0 0.0 0.0 . 0.0 00 .- 00 - 00 - 00 - .0.0
[T140.0{ 206.0] 2%7.8] <40.4]  481.7] 249.7( 50.6] 120.5] 88.3] 79.1] _ 144.3] __ 159.0}
1062.6] 839.0] 626.2] 290.7 92.9]  109.4 220.8 2413 389.0 616.9]  732.6 659.7
Q1108 =7 0.0 :50.0] ~.0.0] 7 -+-0.0]-F =0.0] -~ -0.0] -+ - -0.0f =5 0,0] i0.0f 555 0.0] w5 =710.0
91.6

Exports genersted with OAREIM besed on & 6.0 MAF CVP & SWP demand

Revised: 0802784 13:10:52
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SN LON & LUSITE MeTIONa Wael ANy

CVP San Luis Storage (KAF)

Est CVP Tracy Export (KAF)

Aclual CVP Tracy Export (KAF)

Est. SWPICVP Banks Export {KAF)

Actual SWP/CVP Banks Expott (KAF)

San Joaquin River Flows to Mendota Pool
Groas Available CVP Supply (KAF)

Upper DMC Demands {KAF)

Lower DMC Demands (KAF)

Estirnated UpperiLower DMC Dellverles
Actusl UpperfLower OMC Deliveries

Water Rights Contract Demands (KAF)

Eslimated Poo! Dellveries
Actiral Pool Dellverles

Estimated SLU Deliverfes
Aciual SLU Deliveries

Estimated San Felipe Div, Dellveries
Actua) San Felipe Dlv. Deliveries

Estimated Southern CVP Dellveries
Actusl Southern CVP Dellveries

Total Deliveries South of Delta
Estimated EOM San Luls CYP Res. Storage

Adjusted Maximum EOM Storage (KAF)
San Luls CVP Exceedance

CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

—~m

EPA STUDY 28
1
San Luis CVP Storage (KAF). . -658.7 Group 2 Allocation (%) c.t100 )
As of, | 030131 Exchange Contractors (%) .2 ~:75 "~ (
Demand Pattern {Sbyear) =~ 25 .
¥
Water Year 193132 (
March April  May June July Auqust September October November December January February :
659.7] 640.7] 551.4] 405.0 264.1] 143.4i 83.6 141.2 145.7 271.3 481.3) 639.4 :
38.0] 14.0 0.0} 76.0 114.0 89.0 123.0 114.0 205.0 262.0 260.0 214.0 !
.. +0.0[-- 0.0} .60 @60 oo - aof- - o0 0ol ~:-00 - 0.0l - -0.0 - 0.0 ;
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
0.0f- -0.0[.--00]. .00] - - -00[ .00 : - 00 - -0ol . 0.0 -~ 0.0[- - - 0.0 0.0 ;
0.0 0.0 0.0l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (
697.7] 654.7] 551.4] 483.0 378.1] 2324 216.6 255.2 350.7 539.3 741.3 8534 :
74 128] 17.8] 16.7 20.2 11.2 18.3 31.0 135 3.7 8.9 7.1 f
7.5 137] 18.6] 146 18.7 10.2 18.5 35.8 15.2 39 10.1 7.8
146] 26.4] 36.4] 31.3 38.9 21.4 348 68.7 28.7 76 18.9 14.9 ¢
- 0.0f 00 ool 0o oo[-- DO - 0.0] 0.0 0.0/ 00 - 00 0.0 {
{21.a] 528 66.6] 121.91  127.9]  75.3] 14.0] 10.7] 16.7] 27.3{ 61.9] 69.9} !
t
70 82 98] 97 95 8.2 96 14.4 9.2 6.4 7.3 7.3 '
-0.0] . -0.0] --:0.0{- 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0] .-.-0.0[ - 0.0 ;
- (
ss|  17] 165] 357 37.9 20.4 5.0 6.3 45 2.8 4.1 4.4 ¢
0.0 - -.00[  00] o0 00 - 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
FX] 24 8.9 9.8 9.9 5.9 6.7 6.8 10.8 10.8 6.4 4.8
0.0 - 00] 00l 0.0 0.0f ;. 0.0 0.0 0.0 - 00 0.0{ "~ 0.0 - -00
0.4 0.6 1.4 3.3 3.6 1.9 0.3 0.3 0.3 0.2 0.2 0.
00 - 00] ool ool - 00 0.0/ 0.0 0.0 0.0 0.0 0.0 0.
(T 570 _103.3] 146.51 218.9]  234.7] 138.8] 75.4] 104.5] 79.4] S8.0]  101.9] 104.8)
640.7] 551.4] 406.0] 264.1 143.4 83.6 141.2 1457 211.3 481.3 639.4 748.6]
=000 0ol 0.0] -00f-  o.0f-. = 00" 0.0 - ~00[--- 0ol -=o0.0{ -=00fz"0

Exports gerersted with DWRSIM baeed ¢n a 8.0 MAF CVP & SWP demand

Aevived: 0B/V94 13:14:44
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San wurs & Ui Mencata Yvater Authonty )
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CVP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA STUDY 2B
L
San Luis CVP Storage (KAF). - --748.6 Group 2 Allocation (%) ~- 30 . :
" As ol -03/01/32 Exchange Contractors (%) < % "75: ;
Demand Pattem (% year) -~ - 25 = - N
3
Water Year 1932-33 '
: March Apell  May June July  Augqust September October November December January February N
CVP San Luis Storage (KAF) 748.8| 878.5| 632.0| 597.8 397.1 91.9 94.0 253.9 387.7 §53.0 705.2 857.2 .
Est. CVP Tracy Export {KAF) 0.0 74.0 75.01 70.0 34.0 196.0 245.0 253.0 247.0 215.0 260.0 118.0 [
Actual CVP Tracy Export {(KAF) - 0.0l =:000 .00 -0.0 7000 ---00f - 00 - 0.06] - 0 0.0l i 0.0l - 0.0) i 0.0 i
Est. SWP/CVP Banks Export (KAF) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
Actua) SWPICVP Banks Export (KAF) 0.0 - -00] -_00] -0.0 - 00[ .~ 00] . .00 -.--00] ---200l" .7 00] - =0.00--". 0.0 i
San Joaquin River Flows to Mendots Pool 0.0 00} 79.31 480 0.0 0.0 0.0 0.0 0.0 _ 0.0 0.0 0.0 (
Gross Available CVP Supply (KAF) 748.6] 7525 786.3] 713.8 431.1 287.9 339.0 506.9 634.7 768.0 865.2 975.2 :
Upper DMC Demands (KAF) 6.9] 159 23.8f 0.5 35.0 18.0 17.6 32.4 14.6 4.4 9.7 6.0 [
Lower DMC Demands {KAF) 85 150 21.8] 221 26.6 14.4 19.2 38.5 15.9 4.3 10.5 8.3 ‘
Estimated UpperiLower DMC Deliveries 17.41 301§ 455 526 61.6 33.4 J6.9 68.9 30.5 87 20.2 16.3 ¢
Actwal UpperfLower DMC Deliverles - 0.0j-> 00] - 00| --00{ " - 00 00] - -“-0Q0Of - 00{ .- 00/ ---:"00] --00] - - :0.0 ¢
Water Rights Contract Demands (KAF) [ 21.3] s26] 666] 1219 1278  75.3] 14.0] 10.7] 16.7] 27.3] 61.9] 69.8] [
\
Estimated Pool Deliveries ’ 7.4 8.7 111 12.8 12.8 9.9 9.9 14.71 9.4 6.5 7.4 7.5 |[
Actual Pool Dellveries -00( -00f - 00/ --00f - °“0.0 60l - - 00 - 00/ -:--@o0f. . 00l - 00{. . 00 ]
(
Extimated SLU Deliveries 14.2 19.1 44.2] 100.2 108.9 56.8 11.4 12.8 10.0 6.0 8.1 8.6 E
Actwal SLU Dellveries 0.0{-- 00{ -00f{ 00 0.0 - 0.0 0.0 0.D: © 0.0]- : 0.0 - 00 - 0.0
Estbnated San Felipe Div, Deliverias 4.2 28 9.8 11.8 12.3 7.2 6.9 7.0 11.0 10.9 8.5 4.9
Actua] Sen Felipe Div, Dellveries .00 0.0 0.0]- 00/. 00 0.0] - 0.0 ) 0.0f - 0.0f - - - 0.0 < 0.0 - 0.0
Estimsted Southern CVP Deliveries 1.3 1.8 43| 10.0 10.7 5.6 1.0 1.0 0.8 0.5 0.6 0.7
Actual Southerm CVP Deliverles 0.0 0.0 0.0 00 =~ 00 0.0 - 0.0 0.0 .7 0.0 - 0o0{- 00" - 00
Total Dellveries South of Defta I 70.1¢ 120.5] 188.4] 318.7]  339.3{ 193.9} 85. §{ 119.2{ 81.7{ 62.8] 107.9{ 111.2]
/ s
Estimated EQAY San Luls CVP Res. Storage 678.5( 63201 597.8] 397.1 91.9 94.0 253.9 287.7 553.0 705.2 857.2 884.0
Ad]usted Maximum EOM Storage (KAF) S 0.0] 25000 0.00 - 0.0 0.0 < 0.00 7w v 0.0) .0 0,0] R 0,0 e Q0] i Q.0 R ED,0
San Luls CVP Exceedance ;

Exporia ganersled with DWRSIM based cn a 6.0 MAF CVP & SWP demand

Revdfued: 08004 11:18:48
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CVP San Luls Storage (KAF)

Est. CVP Tracy Export {KAF)

Actual CVP Tracy Export (KAF)

Estl, SWP/CVP Banks Expart (KAF)

Actu#l SWPICVP Banks Export (KAF)

San Joaquin River Flows o dlendota Pool
Gross Avallable CVP Supply (KAF)

Upper DMC Demands (KAF)

Lower OMC Demands (KAF)

Estimated Upper/Lower DMC Deliverles
Actual UpperfLower DMC Deliveries

Water Rights Contract Demands (KAF)

Estimated Pool Dellveries
Actual Pool Dellveries

Estimated SLU Dellveries
Actual SLU Deliveries

Estimated San Fellpe Div. Deltveries
Actual San Felipe Div. Dellveries

Estimated Southern CVP Deliveries
Actual Southern CVP Dellveries

Total Deliveries South of Delta
Estimzied EOM San Luis CVP Res. Storage

Adjusted Maximum EOM Storage (KAF)
San Luls CVP Exceedsnce

CvP SOUTH DELTA WATER SUPPLY - DETAILED IMPACTS

EPA STUDY 2B
San Luis CVP Storage (KAF). .. 864.0 Group 2 Allocation (%) o
As of: |, 03/013% Exchenge Contractars (%) -
Demand Pattem {% year) .- -
Water Year 1933-34
March April  May June July  August Seplember October November December January February

864.0| 780.1{ 625.8{ 4851 240.91 76.1 B7.8 159.44 169.0 308.1 505.4 650.7
19.0 0.0 74.0 420 211.0 175.0 1720 1220 217.0 2620 260.0 166.0
0.0/.." 0.0 0.0{- " 00l -00 00 . -:00] - 00 - 0.0 - 0.0/ 0.0 - 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0{-- 0.0 0.0 0.0 0.0[....00{.. :- 00].:" 0.0]. 00 - - 00 .. .. 00( ..0.0
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Table 3-2

CENTRAL VALLEY PROJECT DELTA EXPORT CAPABILITIES

Theoretical Maximum Expor, Pumping, Conveyance Capacity, and D-1485 May, June Limitations

Only. ‘
=T a——— S
Absolute
Tracy Multiplier Maximum SWP/CVP Historlc
Days/ Avg. CFs to Tracy Banks Maximum®
Month Month CFS Ac.-Fi, AF AFY AF YR
Jan. 31 4,150" 1.9835 255,177 0 254 400 1960
Feb. 28 4,200" " 233,260 0 235,700 1988
Mar. 31 4,250" " 261,326 0 263,370 1984
" Apr. 30 4,300" " 255,872 0 258,200 1087
May 31 3,000% . 184,486 0 184,300 1986
June 30 3,0007 " 178,515 0 178,500 1985
July 31 4,600¥ . © 282,847 85,000Y 282,800 1989
Aug. 31 4,800¥ . 282,847 65,000Y 282,800 1989
Sept. 30 4,500" " 287,773 85,000¥ 273,300 1988
Oct. 31 4,200V - 258,252 0 259,300 1989
Nov. 30 4,150 . 246,948 0 247,800 1989
Dec. 31 4,150V " 255,177 0 256,100 1988
2,962,458 | 195,000 2,876,770%
+185,000 _+195.000
3,157,458 3,171,770

Total CVP Tracy Export Obligallons: 3,353,736 (Table 1).
Total Over Obligation: 196,278 AF or 10.9 percent of Group Il oblfigation.

YTracy export limited by conveyance capaclly of the Delta-Mendola Canal (OMC) which decreases
from 4,600% cfs at Tracy Pumping Plant to 4,150 cfs al O'Nelll Pumping Plant (upper DMC reach).
Does nol reflect water qualily limitations or impacls from scheduled or unscheduled outages, incidental
take restrictlions under ESA, or puise flow export restrictions.

¥Tracy export limited to 3,000 cfs pursuant to D-1485 for the protection of slriped bass.
¥Maximum permitted export rale under U.S. Army Corps of Engineers diversion permit.

“Pumpage of Cenlral Valley Project (CVP) water, lotalling 195,000 acre-feel (AF). by Stale Waler
Project (SWP) lo makeup for May-June 0-1485 export curlaliments by CVP. Does nol include
pumping for Cross Valley Canal contracts.

¥Based upon period of record 1953-1992.

*Absolute maximum annual waler year exporl was 2,895,351 AF for the period of Oclober 1987
through September 1988, Adding 195,000 AF SWP/CVP equals 3,090,351, .
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August 10, 1994

Harry Seraydarian

Director, Water Management Division
EPA, Region IX

75 Hawthorne Street

San Francisco, CA 94105

Subject: CUWA Comment on Report of Review with Environmental Organizations

~

Dear Mr. Seraydarian:

By separate letter of this date, we have joined with four environmental organizations to transmit
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay-
Delta Water Quality Standard. This review process was constructive and valuable. Its findings
represent the work and views of staff and consultant biologists, not the formal policy positions
of CUWA. Our latest work and positions on these important issues will be stated in a September
1 document being prepared for the State Water Resources Control Board--too late to meet your
working deadline. This letter states the current position of CUWA on some of these key issues.

Our formal comments to you on March 11, 1994 opposed a salinity (X2) standard at Roe Island.
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and
will support the habitat standard. This support is based on the understanding that the several
improvements in the X2 standard including the use of a monthly sliding scale, alternative
compliance parameters ("3-ways"), and related components will be included in the EPA standard.
We have had much discussion of these improvements with your staff over the past few weeks,
and we believe there is a good meeting of minds on these matters. Our support of the logic and
inclusion of the Roe Island X2 standard is also coupled with applying the same logic and
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science-
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by
EPA at the confluence. We also continue to support better monitoring and research leading to
improvements to all of these provisions over the coming years.

455 CAPITOL MALL, #705, SACRAMENTO, CA 95814 91625522929 FAX 9165522931
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August 10, 1994

Harry Seraydarian

Director, Water Management Division
EPA, Region IX

75 Hawthorne Street

San Francisco, CA 94105

Subject: CUWA Comment on Report of Review with Environmental Organizations

Dear Mr. Seraydarian:

By separate letter of this date, we have joined with four environmental organizations to transmit
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay-
Delta Water Quality Standard. This review process was constructive and valuable. Its findings
represent the work and views of staff and consultant biologists, not the formal policy positions
of CUWA. Our latest work and positions on these important issues will be stated in a September
1 document being prepared for the State Water Resources Control Board--too late to meet your
working deadline. This letter states the current position of CUWA on some of these key issues.

Our formal comments to you on March 11, 1994 opposed a salinity (X2) standard at Roe Island.
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and
will support the habitat standard. This support is based on the understanding that the several
improvements in the X2 standard including the use of a monthly sliding scale, alternative
compliance parameters ("3-ways"), and related components will be included in the EPA standard.
We have had much discussion of these improvements with your staff over the past few weeks,
and we believe there is a good meeting of minds on these matters. Our support of the logic and
inclusion of the Roe Island X2 standard is also coupled with applying the same logic and
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science-
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by
EPA at the confluence. We also continue to support better monitoring and research leading to
improvements to all of these provisions over the coming years.

455 CAPITOL MALL, #705, SACRAMENTO, CA 95814 9165522929 FAX 9165522931
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We are gratified that good working relationships among EPA and all the California water
interests have led to better understanding and many improvements of the proposed habitat
protection standards. We believe these consensus efforts have also greatly increased support for
timely protective Bay-Delta standards. We remain steadfast in our support for the standards,
with modifications as discussed, and will continue to work with you and the State Water
Resources Control Board for their early promulgation and implementation.

Sincerely,

CALIFORNIA URBAN WATER AGENCIES

Lyle N. Hoag
Executive Director

LNH:ccg.061

cc: Patrick Wright, EPA
Bruce Herbold, Ph.D., EPA
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Harry Seraydarian

Director, Water Management Division
EPA, Region IX

75 Hawthorne Street

San Francisco, CA 94105

Subject: CUWA Comment on Report of Review with Environmental Organizations

Dear Mr. Seraydarian:

By separate letter of this date, we have joined with four environmental organizations to transmit
to you a report on our joint technical discussions of important aspects of the EPA proposed Bay-
Delta Water Quality Standard. This review process was constructive and valuable. Its findings
represent the work and views of staff and consultant biologists, not the formal policy positions
of CUWA. Our latest work and positions on these important issues will be stated in a September
1 document being prepared for the State Water Resources Control Board--too late to meet your
working deadline. This letter states the current position of CUWA on some of these key issues.

Our formal comments to you on March 11, 1994 opposed a salinity (X2) standard at Roe Island.
We now accept the inclusion of the Roe Island X2 standard in a Suisun Bay habitat standard and
will support the habitat standard. This support is based on the understanding that the several
improvements in the X2 standard including the use of a monthly sliding scale, alternative
compliance parameters ("3-ways"), and related components will be included in the EPA standard.
We have had much discussion of these improvements with your staff over the past few weeks,
and we believe there is a good meeting of minds on these matters. Our support of the logic and
inclusion of the Roe Island X2 standard is also coupled with applying the same logic and
statistically-derived sliding scale to X2 occurrence at the confluence (Collinsville). This science-
based approach is recommended in lieu of the arbitrary 150 day compliance proposed earlier by
EPA at the confluence. We also continue to support better monitoring and research leading to
improvements to all of these provisions over the coming years.
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We are gratified that good working relationships among EPA and all the California water
interests have led to better understanding and many improvements of the proposed habitat
protection standards. We believe these consensus efforts have also greatly increased support for
timely protective Bay-Delta standards. We remain steadfast in our support for the standards,
with modifications as discussed, and will continue to work with you and the State Water
Resources Control Board for their early promulgation and implementation.

Sincerely,

CALIFORNIA URBAN WATER AGENCIES

Lyle N. Hoag
Executive Director

LNH:ccg.061

cc: Patrick Wright, EPA
Bruce Herbold, Ph.D., EPA
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These technical meetings were constructive and valuable for the participants. We believe their
findings will also be of value to EPA and the State Water Resources Control Board.

Respectfully submitted,

Rfy 71 $beaq

Lyle N/ Hoag ( egory Thomas, representing
Califofnia Urban Water Agencies The Bay Institute of San Francisco
Environmental Defense Fund
Natural Heritage Institute
Save San Francisco Bay Association







Preface

The attached reports were prepared to summarize a series of meetings to discuss
issues raised in comments on the proposed EPA standards by technical
representatives of the California Urban Water Agencies (CUWA) and others. All
parties who participated have been given at least one, and in some cases four or
more, opportunities to review these reports. Their comments have enabled me to
improve and refine the accuracy of the reports, and | am grateful for all the helpful
feedback | have received. In addition, | have had numerous lengthy discussions of
the issues addressed in these reports and the accuracy to which the degree of
consensus achieved has been characterized. | have tried to be even-handed in
revising these reports in response to sometimes conflicting comments.
Nevertheless, since the subject matter is controversial and topical, some will no
doubt disagree with some statements herein. Although | have drawn on the
contributions of other participants, the description of the meetings contained herein
is my own, and | take full responsibility for any omissions or errors in characterizing
the content of the meetings.



SETTING GOALS FOR SALMON SMOLT SURVIVAL IN THE DELTA
Wim Kimmerer
August 10, 1994

Summary Three meetings were held to resolve technical issues raised by California
Urban Water Agencies (CUWA) on the Environmental Protection Agency’s (EPA)
proposed salmon smolt standard'. Consensus? was achieved on a number of issues.
It was agreed that measures for protection of salmon in the delta should be
implemented in a timely manner. A goal should be established relating the US Fish
and Wildlife Service (USFWS) smolt survival index (SSI) for fall-run chinook salmon to
any largely uncontrollable variable, e.g. temperature on the Sacramento River and
unimpaired flow on the San Joaquin River. Implementation measures would be
devised to achieve the goal, and compliance would be based on whether these
measures were actually put into effect. The measures devised for fall-run smolts
would be extended over a broad enough period to protect other races. The SSI data
would be revisited periodically to assess achievement of the goal, assumptions, and
implementation measures, and to improve understanding.

Introduction Meetings were held on 9, 17, and 29 June 1994. The purpose of
these meetings was to examine the technical issues raised in CUWA’s comments to
EPA on the proposed EPA salmon smolt passage standard and to reach consensus on
alternative approaches. Specific objectives of the meetings were to answer the
following questions:

1 What should a standard consist of?

2 What is the goal of the standard-setting process?

3 How can future levels of smolt survival be calculated for assessment of the
implementation program?

4 What implementation measures might be useful?

This report is a summary of the outcome of the series of meetings, rather than a set of
minutes of each. The emphasis is on the agreements reached rather than the process
or the discussions that took place. Nevertheless, some discussion of the process is
included below to reveal how the endpoint was reached. In addition, several key

' There was some confusion and a few semantic arguments over the terms

"goal” and "standard”. To sidestep these arguments we use the term "goal” to
mean the target level of SSI, and "standard” to mean the actions taken or
regulations imposed to achieve that goal.

2 »Consensus" as used here does not refer to unanimity, but to its most usual
meaning: a general agreement among members of the group.

FINAL Smolt survival report Page 1



technical points are discussed in some detail since their resolution is germane to the
consensus that was reached. Notes in square brackets [] throughout the text were
added by the author to present additional information or to clarify issues, and may not
represent the consensus of the group.

The report is organized with the recommendations, areas of agreement, and
unresolved issues presented first for emphasis. That brief discussion is followed by
the detailed discussion of technical points.

It was stressed throughout these meetings that the discussion should focus on
technical issues only.

Recommendations A goal and a set of implementation measures should be
developed based on the fall-run SSI. Pending a revised analysis of the existing data,
this could be done according to functions shown in Figure 1. These functions must be
filled out by selecting values for the parameters, specifically the amount of
improvement over historical conditions. The parameters to be selected are:

° The slope and intercept of Sacramento SSI with respect to temperature
° The minimum SSI in the Sacramento regardless of temperature
° The relationship of San Joaquin SSI to the 60-20-20 index of unimpaired flow

Although participants were willing individually to select values of these parameters,
they acknowledged that the basis for any choice was fairly arbitrary, since the choice
of parameters entails a choice of a particular "best” value of the SSi goal for a given
set of conditions (see discussions below).

Recommendations were also prepared for a program to assess the extent to which
goals had been met.

Fundamental agreements Participants unanimously agreed on the underlying
purpose of setting standards: salmon need protection. Consensus was also reached
on the following statements, some of which are discussed further below:

° Measures are needed to protect and enhance naturally-spawning stocks of
salmon
o Smolt survival on passing through the deita is a problem for salmon stocks that

is worth considerable effort to solve

° The USFWS SSI may be biased by differences in size of hatchery smolts used in
different releases; although other potential sources of bias and error were
identified, none was supported by analysis of data to date

° The USFWS SSI is not numerically equal to survival
° The USFWS salmon smolt survival mode/s should not be used to set goals
° The USFWS models include many of the environmental variables likely to

FINAL Smolt survival report Page 2



influence smolt survival, including temperature, proportion diverted at junctions
of certain delta channels, flows, and exports.

Goals for smolt survival should be based on a selected value or range of values
of the SSI for fall-run salmon

Other races besides fall-run, and other life stages besides smolts, are assumed
to be protected by extending the same set of implementation measures to the
appropriate times. Data are not now available to evaluate alternative measures
or to set numerical goals for these races or life stages

Goals should vary to account for effects on smolt survival of environmental
variables not readily controllable by project operations. This would include the
size of smolts used in experiments, temperature on the Sacramento side of the
delta, and the 60-20-20 index of unimpaired flow on the San Joaquin side
Compliance should be based on the degree to which mandated implementation
measures were actually carried out '

Several implementation measures were listed. The general consensus was that
there would be substantial convergence on the recommended measures among
different groups

Effectiveness of implementation measures and underlying assumptions including
those inherent in the SSI should be reevaluated at least every 3 years

A more detailed research and monitoring program should be developed and
implemented which focuses on determining whether goals have been met, and
on refining understanding of specific sources and causes of salmon smolt
mortality in the delta

Unresolved issues included:

The statistical reliability of relationships for which CUWA scientists have not
examined data; these are taken at face value pending further examination
(examples include the ocean survival index and the survival index for wild
smolts)

The utility and statistical reliability of alternative empirical models

The size of the increase in SSI for each river (i.e. the numerical value for the

- goal), which cannot be determined on strictly scientific grounds

Method for calculating baseline values of SSI

Method of filling in gaps between SSI measurements to assess effectiveness of
program

To what extent survival indices could be improved by different methods, such
as more intensive trawling

Importance and cause of the relationship between smolt size and SSI
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Details of technical discussions

The USFWS Smolt Survival Index This index is intended to represent the survival of
salmon smolts passing through the delta to Chipps Island. Considerable discussion
was held about the index and the possibility that there were flaws in it.

The SSI is calculated as the number of marked smolts recaptured in trawl surveys at
Chipps Island, expanded to estimate the number passing Chipps Island, divided by the
number released. If the expansion factor were exactly correct, the SSI would be an
estimate of survival. Since some parts of the expansion factor are uncertain, this
factor becomes merely a correction for trawling effort, and the index is assumed to be
proportional to, but not equal to, survival. The proportionality could change with
smolt size or other variables, and therefore vary between release groups (see
discussion of potential biases below)

USFWS constructed models of the SSI for several reaches in the delta. To represent
survival over a pathway consisting of more than one reach, USFWS needed to convert
the SSI for each reach to an estimate of survival so that survival over the entire
migration pathway could be calculated as the product of survival probabilities over
each reach. To do this they divided each index by 1.8, which at one time was the
largest index, to ensure that the survival estimates did not exceed 1. This practice did
not alter the relative values of the indices, but it has led to some confusion and
disagreement over the nature of the resulting survival estimates. Furthermore, the
conversion of indices to probabilities for the purpose of linking reaches is considered
statistically unacceptable.

Since it was agreed not to use the USFWS model to set goals, and since the survival
index scaled by ary constant has the same relationship to environmental values as the
raw data, this issue became moot. However, users of the SSI must guard against
assuming that this value is actually a survival estimate.

The remaining issue regarding the SSI was whether it was an unbiased index, that is,

directly proportional to actual survival of the hatchery fish, and whether it applied

equally to survival of naturally-spawned fish. Potential sources of bias identified were:

o Greater duration of migration when longer pathways are taken, resulting in
spreading out of the pulse of smolts and consequently reduced probability of
de' :tion of smolts passing Chipps Island

° Thermal shock for hatchery-reared fish released in high-temperature delta water
that would increase mortality relative to wild fish

e Size of smolts could introduce bias in results of individual releases
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veral potential sources of error in the SSI were noted, but for none of these did the
group conclude that there was bias:

° Irregular distributions of smolts in time or distance across the cross-section of
the channel at Chipps Island

° Low numbers of smolts recaptured in the trawl, resulting in high variance of
recaptures _

The duration of migration seemed to be the most likely source of bias. However,
USFWS has presented a comparison of SSI with the ocean survival index (OSl), which
is determined independently of the trawling effort at Chipps Island. The result was an
apparently linear relationship with a correlation coefficient of 0.89 (N=21; WRINT
USFWS-9 Figure 7), indicating that the two indices were estimating the same thing
and effectively ruling out a substantial bias in the trawl recovery data if this analysis is
correct. CUWA has not examined this analysis or the underlying data. [Note: since
the meetings CUWA biologists have raised questions about the data used in the
analysis of ocean survival index. However, these issues were not raised at the
meetings and are not discussed further here.]

Smolt survival in the Sacramento side of the delta is negatively correlated with
temperature. This correlation could be an artifact resulting from thermal shock or
difficulties with acclimation or vuinerability to predation when naive hatchery smolts
are dumped from a truck at low temperature into warm deita water. Survival of wild
smoits in 1988 and 1989 was negatively correlated with temperature, such that
survival was low at temperatures above about 65°F (WRINT USFWS-7 Figures 7 and
8). Since this is qualitatively similar to the results obtained for hatchery smolts, the
likelihood of bias seems to be low. Again, this relationship has not been examined in
depth by CUWA.

The size of smolts clearly introduces some bias into the results. Survival is negatively
correlated with size at release on the Sacramento River. Since there is no apparent
relationship between size of smolts and temperature or flow, the correlation of size
with survival could be due to increasing net avoidance with increasing smolt size.
This could be dealt with by either correcting for size, or by using only releases in a
selected size range. [Note: The source of this relationship is unclear. Pat Brandes has
stated that the correlation between ocean and trawl indices rules out capture
efficiency in the trawls as the cause of the relationship with size. Since the
relationship has the opposite slope from what one would expect {i.e. lower survival for
larger fish), it could be an artifact of using larger fish later in the season when
temperature is higher. She argues that, since it is unexplained, it does not represent
bias. However, if there is a real effect of size, and if size is not randomly distributed
within release groups, then it could be a source of bias. This issue needs further
examination.}
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Having acknowledged that there were potential sources of bias in the SSI, Pat Brandes
emphasized that the SSI is an /index of survival that appears to represent patterns of
survival for salmon smolts. She presented the correlations between SSI and OSI to
demonstrate this. Based on this discussion, the general consensus of the group was
that the SSi likely does represent patterns of survival, and therefore could be used as
a starting point on which to base a standard. [Note: SSI values have frequently been
referred to as if they were survival values in the three meetings, in USFWS reports,
and implicitly in the multiplication of adjusted SSI values to estimate a survival index
for consecutive reaches.]

The USFWS models These models attempt to explain the variance in SS| on the basis
of environmental variables. Models were constructed for several release points, and
then the overall SSI models for the Sacramento and San Joaquin rivers were
constructed by combining models for different release points representing different
reaches of the delta.

Generally the group did not believe that the models are an adequate statistical
description of the covariability of the SSI with environmental conditions. Most
accepted the statements of John Rice, who stated that the models were too complex
and contained too many parameters, and inappropriately converted SSI values to
probabilities to calculate survival through successive reaches.

In spite of the general dissatisfaction with the models, the general findings of the
USFWS effort seemed to be accepted. For example, participants believed that, in the
Sacramento River, increased temperature resulted in lower survival (although the
mechanism is not well known), survival in the interior delta is lower than that in the
mainstem, and diversion through the cross-channel and Georgiana Slough resuited in
lower survival. These are not only outcomes of the model, they can be readily
interpreted from the results of paired releases (e.g. above and below the cross-
channel) or linear regression analyses.

Most participants were willing to accept that San Joaquin River smolt survival was
reduced as exports or diversion of smolts into Old River increased, or as flow through -
the delta in the San Joaquin River decreased. Data to support this conclusion are
limited because only 4 values are from high-flow, high-survival periods, although
analyses of adult production estimates apparently give similar results. This

acceptance was based as much on biological understanding as on data analysis.

Many participants accepted that the models could be used for guidance in combination
with other information. Several objected to any use of the models, preferring instead
to rely on examination of data. There was general acceptance that expert opinion on
the factors affecting salmon survival should be used in setting standards.

To summarize, while the specific numeric output of the models was not believed by
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participants, they were ready to agree with some of the qualitative outputs of the
model, especially since results of paired releases supported those outputs. These
conclusions include:

° The correlation of survival with temperature (particularly for releases at
Courtland)

° The reduction in survival of fish that go through the central delta relative to the
mainstem Sacramento

° The reduction in survival in the San Joaquin due to the diversion of smolts off

the mainstem and the direct influence of export pumping

Use of the SSI as a goal for a standard The goal would be an improvement in survival
of salmon smolts passing through the delta. This was recast as an improvement in
the SSI, under the assumption that the SSI is the best index of survival now available.

The baseline for improvement was never explicitly stated, although throughout the
discussions there was an implicit assumption that the baseline would be determined
from all of the applicable SSI data to date. It was generally agreed that the amount of
improvement to be achieved could not be fully addressed during the meeting. The
reasons for this were discussed briefly at the meetings: 1) Since the actual survival is
not known, the necessary improvement cannot be determined; 2) The importance of
mortality in the delta can only be assessed in the context of the entire life cycle; and
3) Goals for population size, at least above levels where extinction is a possibility, can
only be set by consideration of societal needs.

An approach to basing a standard on the SS| was discussed. According to this
approach, the standard would actually be a set of implementation measures designed
to provide a specified SSI goal based on prevailing water year conditions, temperature,
or other uncontrollable factors. Implementation measures would be devised to achieve
that goal. Compliance would then be assessed by comparing the implementation
measures actually carried out with those specified. Thus, compliance would not be
gauged by whether or not a particular SS| value was achieved. The SSI values would
serve as goals, which would be revisited at a minimum of three year intervals to
determine the effectiveness of the measures; implementation measures would
subsequently be revised or augmented if the SSI were chronically short of the goals,
on average.

Scaling to uncontrollable variables {Sacramento River) Some variables that are
correlated with SSI are not readily controllable. A survival goal should take these
variables into account to avoid holding the major water projects responsible for
variation over which they have little or no control:
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. Jr SSI measurements based on releases on the Sacramento side of the delta, smolt
size and temperature are the most important factors explaining variation in SSI.
Temperature in the delta can be controlled only to a limited extent, since it is most
responsive to meteorological conditions. Therefore the group agreed that some
allowance in the goal needed to be made for temperature. For example, it would be
unrealistic to expect flow manipulations to achieve a high SSi at a temperature of
75°F, since SSI has always been close to O at that temperature.

The goal should be a set increase over the existing relationship between survival index
and temperature. The existing relationship for releases at Sacramento or Courtland
with cross-channel gates open is (depicted in Figure 1, top, as historical mean):

S =MAX{a(T,-T) 0}, (1)

where T is temperature at Freeport (°F), T, the temperature at which survival goes to
zero (approximately 76°F), and a is the slope (approximately 0.05-0.08). Note that
this relationship has not been confirmed through analysis of all of the available data,
and is presented only as an example of the form the equation might take.

Bruce Herbold suggested that the increase in the goal over the historical value could
be either a doubling of survival for a given temperature, or alternatively, an increase in
survival corresponding to closing the delta cross-channel gates. Coincidentally, the
slopes corresponding to these alternatives come out about the same.

The group recognized that temperature in the delta is controllable to a limited extent,
and the above standard could allow some activities that increase temperature,
reducing the survival goal. Therefore the group suggested a minimum survival at all
temperatures. In addition, EPA, the State Board, and other relevant agencies should
re-examine the issue of temperature controllability in the delta, and revise this
standard if temperature in the delta increases over the long term through local human
actions (i.e. as opposed to global warming).

Thus the goal for the Sacramento SSI would have a functional form similar to:

S; = MAX {a, (T _-T), S (2)

min }'

where a, is the new slope and S, is the minimum survival (Figure 1 top, "goal").
This equation appeared to be the most acceptable of several alternative equations that
were discussed.

T, would be determined from the data, as would the baseline slope a in equation 1.
Opinions varied about actual values of the remaining parameters. Bruce Herbold
suggested a slope of 0.16, equivalent to a doubling of a, or an increase corresponding
' to shutting cross-channel gates. The value of S, was somewhat arbitrarily set at
0.25, aithough opinions on an appropriate value ranged from 0.1 to 0.5.
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The group did not recommend setting a separate standard for temperature, because it
cannot be controlled to any great extent.

Scaling to uncontrollable variables (San Joaquin River) The response of SSI to flow in
the San Joaquin River reflects changes in water year type as indexed by the 60-20-20
index of unimpaired flow. Since that is uncontrollable, it should be accounted for in
setting standards.

Susan Hatfield presented an analysis of estimated SSI values representing survival
through the delta on the San Joaquin side. Relationships of SSI vs San Joaquin flow
at Vernalis showed essentially two groupings of data: one for low-flow conditions
during mostly critical years, and the other for higher-flow conditions during wet years.
(Because of the way the San Joaquin system is regulated, and because of the recent
drought, the data do not include a range of flow conditions). There was some
discussion about whether to discard a data point for 1985 in which a different marking
method was used, and in which survival was high while flow was low. However,
even with that point included, the relationship is highly significant (p <0.001, r2=0.47
vs. 0.69 with 1985 deleted).

Susan Hatfield then suggested using either upper quartile or average survival indices
doubled for each year type.

Participants preferred a goal that would improve survival in critical years more than in
wet years. The historical mean value of SSI is about 0.09 in a limited number of
critical years, (<1.5 MAF) and 0.5 in wet years (=5 MAF). There was general
consensus that the goal for critical years should be a 2- to 3-fold increase over
historical values, since populations are more vulnerable during low-flow conditions.
The goal in wet years could be set at a value higher than the historical mean, say
0.75. If the goal for the survival index were scaled linearly to unimpaired flow, it
would have the following form (Figure 1 bottom):

S = 0.05 + 0.14 Q6, (3)
where Q6 is the 60-20-20 index in millions of acre feet.
Implementation measures Although the group discussed implementation measures at
various times, the consensus was that other entities (e.g. recovery teams, CVPIA
teams) would probably address these in greater detail than would be possible as part

of these meetings. Measures identified and discussed briefly by the group included:

° Close delta cross-channel gates from November 1 to June 30 each year, with
periodic opening to flush channels
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° Limit CVP/SWP exports to about 1500 cfs (daily average) during April-May

° Develop a coordinated CVP/SWP operations plan for other periods to reduce the
influence of exports on outmigrating salmon

o Establish minimum flows on the San Joagqin River from 4,000 to 12,000 cfs
depending on water year type for.April 15 to May 15 or longer

L Install physical barriers at the head of Old River to the extent compatible with
management for deita smelt

° Provide minimum net delta outflow of 7,000 cfs, with a minimum flow of 4,000
cfs on the Sacramento, during February-June.

] Develop ramping criteria to prevent stranding in tributaries

o Based on real-time monitoring, limit project and in-delta diversions for an
appropriate period following the first storm of each season that produces a
smolt outmigration

o Pulse flows had a lower priority than minimum flows

] Some measure of flow balance in the delta is needed. USFWS has used
QWEST for this purpose, but most participants believed that QWEST is not real,
and should be replaced by some alter_native measure.

Compliance monitoring Determining whether goals were being achieved would
require considerable effort, presumably by IEP/USFWS, in addition to their research
into the factors affecting smolt survival. A practical limit on increasing the total effort
is imposed by availability of smolts for release due to facilities constraints. These limit
the number of releases that could be devoted to this effort: at present about 8-12 total
releases can be made each year. CUWA does not believe that this allows for an
adequate number of releases.

How often: Ideally, weekly monitoring when sufficient smolts become available; for
the moment, at least 3 releases on each river system or 1/2 - 2/3 of the available
release groups. However, this number may not be sufficient to reduce the standard
error of the SSI values to the point where achievement of the goal can be reliably
assessed. Therefore, the limits on number of releases for this purpose need to be
resolved as soon as possible. Expanded capacity for tagging both hatchery and wild
fish is also needed.

Where: Locations should include at least Sacramento and Mossdale, but releases at
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Port Chicago are important for determining ocean survival

When: Spread out over April to June. The sampling design would need to be
devised, but sampling should not alias spring-neap tidal cycles or any other known
natural or operational cycles.

Size of fish: Should be standardized to the extent possible.

Determining whether the goal is being met A significant problem in comparing the
SSI to the goal is that there will always be gaps in the data, and that conditions could
be quite different during these gaps than when survival is measured. The group
discussed two alternative approaches but did not achieve consensus on this issue, and
considerable analysis would be needed to resolve it.

There are two ways to fill in the gaps. One way is simply to take the results of each
release as point estimates, and assume that the sampling scheme assures that these
samples are representative with respect to all factors that cause survival index to vary
(except smolt size, temperature (Sacramento) and possibly unimpaired flow (San
Joaquin), which must be considered explicitly for each release). In this case the goal
would be compared with the mean value for several years, using a t-test or other
appropriate statistical test to determine whether the goal fell within the confidence
limits of the data.

An alternative approach is to use a statistical model of smoit survival index as a
function of temperature, flow, exports, smolt size, and anything else that is
statistically relevant, and calculate the index for each day on which it was not
measured. This would reduce the error variance in the estimates of SSI. However,
the mechanism for using a model to fill the gaps was not specified.

[Note: the main concern with using the first method is the difficulty that may be
encountered in making the small number of samples representative. One approach to
this problem is during the periodic review of the program to compare flow and
temperature conditions in the delta during each migration period with the conditions
during the releases. If they are reasonably close, then the samples can be considered
representative. Bruce Herbold also suggested, after the meetings, that the Ocean
Survival Index could be used in combination with timed releases of smaller numbers of
fish to integrate over the entire season. An additional point not resolved at the
meetings is that the baseline must be the existing SSI data, which were not developed
for the purpose of obtaining an annual mean value.]

Application to other races/ages Participants believed that there was insufficient basis
for establishing separate standards for other races than fall-run, or for fry. Instead,
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there was a consensus that measures implemented for fall chinook would probably be
sufficient if extended to seasons relevant to other races. In addition, establishing
conditions that produce a high SSI should also enhance fry survival for some races
and some times.

Research recommendations There was general agreement that improvements could
and should be made in the statistical analysis of the data and in the use of these
analyses in setting goals and standards. Beyond that, participants were enthusiastic
about enhancing the research program to improve knowledge and therefore ability to
improve conditions and assess changes.

There was disagreement over the importance of variation in smolt survival in the delta
relative to other (mainly upstream) issues, and how to allocate research efforts in
these various areas. It was noted, however, that the implementation measures being
proposed constrain water uses in the system and that a valid concern exists regarding
whether such measures are actually benefitting the resource. A specifically designed
program of research and monitoring would address this concern and eventually should
lead to the development of refinements to the measures which would better improve
overall smolt survival. [Note: the effectiveness of these measures must be assessed in
the context of the life cycle of the salmon and the factors limiting their production.
Density-dependent mortality in some river reaches could eliminate some benefits of
improved delta survival to spawning success; however, these benefits would continue
to be felt in improved ocean harvest and in the entire life cycle of winter- spring-, and
some fall-run stocks, whose spawning escapements are well below capacity of the
rivers.]

Specific recommendations included:

° Continue efforts to refine the SSI, including analyses of assumptions and
potential sources of bias and error, and additional covariates such as turbidity,
water quality, the temperature difference between the truck carrying the smolts
and the receiving water, and the quality of the hatchery source stock.

° Evaluate alternative methods (e.g. larger trawls, increased sampling effort,
larger releases) to increase the recaptures and therefore the reliability of the
results.

° Test feasibility of using radio or sonic tagging to determine migration pathways

and rates and, if possible, locations and causes of excess mortality in the delta

° Make data available in a standard electronic format, and continue efforts to
improve statistical reliability of empirical models

° Continue efforts to understand in a more mechanistic (rather than statistical)
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way how environmental conditions affect smoit survival.

Continue efforts to develop statistically acceptable models to predict SSI from
environmental conditions.

Tag all hatchery fish rather than a subset [Note: this would be valuable only in
analyses of upstream conditions, not in the deita.]

Improve understanding of effects of toxicity of river and agricultural drain water
to salmon smolts and fry
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Figure 1. Schematic of possible SSI goals. Top: Goal for Sacramento River is
related to temperature, with a minimum SSI for all temperatures. Bottom: Goal
for the San Joaquin River is related to the 60-20-20 index of unimpaired flow
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DISCUSSIONS ON THE PROPOSED EPA SALINITY STANDARD
Wim Kimmerer
August 10, 1994

Summary This report summarizes a meeting of staff and consultants from California Urban
Water Agencies (CUWA), several agencies, and nonprofit environmental and fishery
organizations to discuss issues raised in CUWA’s reports on the Environmental Protection
Agency’s (EPA) proposed salinity standard. Major areas of agreement were found, and only a
few disagreements, although some were significant. The most significant area of
disagreement is the need for and effect of the proposed standard at Roe Island.

Introduction This report describes the results of a meeting held on 31 May 1994,
sponsored jointly by CUWA and four environmental organizations, in response to requests by
state and federal regulators that stakeholders explore consensus on Bay/Delta water quality
standards. The purpose of the meeting was to discuss some of the technical issues raised in
CUWA'’s comments to EPA on the proposed EPA salinity standard. The objective of these
discussions was to determine the areas of agreement and disagreement over these issues
among the participants (list attached), who included CUWA consultants, federal and state
agency staff, and independent scientists. No attempt to resolve disagreements was made.

This report is presented as a summary of the issues raised and areas of agreement and
disagreement identified during the meeting. Notes in square brackets [] throughout the text
are the comments of the author, intended to present additional information or to clarify
issues, but may not represent the consensus of the group.

Areas of disagreement were reduced to a small number, and many areas of fundamental
agreement were found that would not have been apparent in a comparative reading of the
SFEP workshop report, the EPA promulgation, and the CUWA responses. Participants are to
be congratulated for presenting their analyses and making their arguments objectively, and for
being willing to listen to each other.

Several areas of agreement formed a premise for these discussions. CUWA representatives
have stated explicitly that they agree that:

° There is a problem in the estuary that needs to be addressed
L The salinity standard is a useful way to do this in principie

° A Chipps Island standard for salinity is recommended

L A salinity standard alone is insufficient to restore the estuary
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Background on the ¢« inity standards The standards examined in this meeting were
those specifying the number of days when X, is to be downstream of several control points
or, alternatively, when salinity is to be below 2 ppt at those points. This is based partly on
the findings of the SFEP workshop, summarized by Schubel (1992; SFEP workshop report)
and refined by Jassby et al. (in press, Environmental Management), showing positive
relationships between several measures of "health” of the estuary (e.g. abundance or survival
indices for estuarine fish or invertebrates, calculated organic carbon input) and X,. For
simplicity these are referred to these below as the "fish-X, relationships."

Several participants offered clarification of important points regarding the salinity standards.

1. The standards are based on X,, defined in the SFEP workshop as the distance from
the Golden Gate Bridge to the point at which the daily average salinity is 2 parts per thousand
(ppt) near the bottom. X, for the period 1968-91 was estimated by interpolation between
salinity monitoring stations. For about 10% of the days during 1968-91 (usually when flows
were high), or for times earlier and later than that, X, was estimated from an autoregressive
equation with log of net delta outflow (adjusted for revised estimates of delta consumption
from DWR) as an independent variable. Thus, the perception of some that the X, values '
used in the fish-X, relationships are derived from outflow is wrong.

2. The participants in the SFEP workshop turned away from discussion of the entrapment
zone (EZ) and related phenomena, and chose a simple salinity value as an index to be used in
a standard. The reason was not that the EZ and associated processes are unimportant, but
that the EZ is difficult to define and locate. Furthermore, participants believed that there
were variables that might covary with position of the EZ, but that were not directly related to
entrapment phenomena (e.g. abundance of starry flounder). Thus, they believed that use of
EZ location might also be misleadina. X, was recognized as a covariate of a wide range of
variables, any of which could cause the observed biological responses. It was not the intent
of the SFEP workshop to describe the causative links, nor was it to imply that the actual
salinity {2 ppt) was of particular impor:ance to all or even most of the species of concern.

It was suggested and accepted in the 31 May 1994 meeting that discussions of the
importance of entrapment phenomena would not be fruitful, and that participants would focus
on the salinity standards as stated (and amended by the use of sliding scales, see below).

3. The work done to lay the foundation for the SFEP workshops was done quickly with
little opportunity for revision or re-analysis. Several improvements in the methods used for
this have been suggested by a number of parties. This suggests that the entire analysis
ought to be redone to refine it as a firm basis for the standards. [Note: I do not believe that a
reanalysis of the data will result in qualitatively different conclusions.]

4, There is an important difference between the standard proposed by EPA and the index
recommended by the SFEP workshop. The original proposal was to use the value of X,
averaged over some period of months as an index on which to set a standard, since that is
the independent variable used in the analyses. In addition, SFEP workshop participants
strongly recommended that historical variability be somehow preserved in the standard, but
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did not offer a means to do this. The EPA chose to use the number of days with salinity
below 2 ppt at the three control points. This approach has the advantage of simplicity for
monitoring, and also allows the variability in X, to be specified.

Most of the scientists at both the SFEP workshops and the May 31 1994 meeting expressed
the belief that within-year and between-year variability should be maintained. [Note: The
proposed EPA standards at Roe and Chipps Islands could provide both as follows. Between-
year variability would be set by the use of a sliding scale relating the standard for a year to
the unimpaired flow for that year. Within-year variability would be established by
appropriately specifying the number of days below 2 ppt for each of the three control points.
For example, based on data from 1967-91, a mean X, at Chipps Island (74 km) for a given 5-
month period would be associated with 56 % of days with X, below Chipps, but also about
17% of days below Roe Island (64 km) and 18% of days above the confluence (81 km, see
Kimmerer 1994, sliding scale report to CUWA). Note that setting a standard at Roe Island
does not imply that mean X, is at that location unless the standard for a given period is for
about 50% of the days at Roe, which would occur only under conditions of high unimpaired
flow. Similarly, a mean X, at the confluence would imply 27% of days below Chipps and
5% below Roe, under historical levels of variability. A mean X, at Roe would mean 11% of
days above Chipps and 3% of days above the confluence.}

5. CUWA presented several reasons for their support of the Chipps Island standard but
not the Roe Island standard. Briefly, these arguments are:

° Increasing uncertainty in fish-X, relationships as X, moves downstream

. Potential biases in fall midwater trawl data (see discussion under Issue 6 below)

L] Other factors affecting fish abundances

° Loss of habitat for some species, or flushing of nutrients from the estuary, when X, is
downstream

6. Participants agreed to try to stick to technical issues and avoid unnecessary discussion

of economics, water supply, or management. This included discussion of feedback loops
from the standards through operations to other biological response variables {e.g. effects of
changing carryover storage, resulting from salinity standards, on winter run salmon survival in
the upper Sacramento River). This is an area containing important technical issues but was
not addressed in this forum because quantitative information on these feedbacks was not
available to participants at the time of the meeting. It was also acknowledged that the
ultimate selection of standards would include management judgements.

7. X, is a useful approximation of position of the EZ. [Note: The peak abundance of two
species of common zooplankton of the entrapment zone, and the peak of turbidity, are close
to X,, and the abundance peak of a third species is slightly upstream (Kimmerer unpublished).
Striped bass larvae apparently concentrate at or slightly upstream of X, (DFG data). The
manifestation of the entrapment zone in terms of particles and at least some organisms is
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therefore close to X,, not substantially downstream of it.]

8. Most of the concern over changes in the estuary are over estuarine-dependent species,
those that must reside in the estuary for all or part of their life cycle, and many of which
occur at the low-salinity end of the estuary. These are the species that vary with X,, and are
the subject of the SFEP analyses. There is little concern over effects of freshwater flow on
marine species that have extensive habitat outside the bay.

Issues addressed in the meeting The foliowing discussion takes each of the major
issues in turn, and summarizes the points on which agreement was achieved or on which
differences remained.

Most of the discussion was centered on the fish-X, relationships; however, time constraints
permitted CUWA to examine only the mid-water trawl data for striped bass, longfin smelt,
and delta smelt. They have not performed an exhaustive analysis for the other species. The
relationships for these three response variables were therefore the main area of emphasis.

Agreement is indicated where either it was explicitly demonstrated in the meeting, or where
there appeared to be no major objections to statements made by one or more participants.

1. What is the qualitative nature of the relationships between X, and indices of
abundance and survival indices for estuarine species?

Agreement:

a. Relationships between X, and indices of abundance or survival are real (although not
always strong), and need to be considered in management

b. The fish-X, relationships appear to be continuous and monotonic indicating increasing
responses as X, decreases, except that for Delta Smelt (see Disagreements), and
except for some lower abundance indices in 1983 when flows were exceptionally high
(low values in 1983 are not included in this discussion except under Issue 3 below).
Although several participants (in this meeting and the SFEP workshops) had expected
a step or discontinuous function for some of the response variables, these could not
be demonstrated statistically.

C. The fish-X, relationships describe historical conditions; habitat or other changes in the
estuary could cause these relationships to change in the future

d. The fish-X, relationships do not imply any causal mechanism; such mechanisms may
be different for each species examined

e. Each species examined could be responding to any of the numerous covariates of X,
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f.

sagreement:

2.

Delta smelt seem to be very abundant only when X, is in Suisun Bay, but X, alone is a
poor predictor of abundance of delta smelt

What is the strength and significance of the relationship between delta smelt and X,?
Bruce Herbold’s linear regression explained 25% of the variance in the delta smelt
index, similar to that obtained by John Rice using generalized linear models and
weighting the values by a variance function proportional to the mean squared. Phyllis
Fox obtained a non-significant relationship using ordinary least squares and an
estimate of within-year variance as a weighting factor. [Note: experts on delta smelt in
DFG and elsewhere believe that habitat of delta smelt consists of low-salinity, shallow
water. If so, abundance of delta smelt should be higher when X, is in Suisun Bay than
when it is either in the delta or in Carquinez Strait.}

How should functions be fit to the abundance-X, data? The approach used by

Jassby et al. (in press, Environmental Management) was to apply a generalized linear model
with a variance function either proportional to the mean or constant. The choice of variance
function was based on exploratory analysis of the annual abundance indices for each species.
CUWA consultants used the same techniques and weighted least squares regression but
applied variance functions either proportional to the mean squared, or calculated from the
standard deviation of the 4 individual months of data, or by error propagation from the
standard deviation within each sampling area and month.

Agreement:

a.

The overall approach used by both parties is valid, and results do not differ very much
qualitatively

The two alternative methods used by CUWA do not appear to give very different
results from each other

All methods indicate that fish-X, relationships are statistically significant results,
except for delta smelt; the main differences are in the amount of variance explained
and the slopes of the lines

Variance of the abundance indices increases as the mean increases

A log-linear model (i.e. using log-transformed abundance indices) gives a similar result
to the generalized linear models

The most appropriate variance function could be worked out by examining residuals
for each species.
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‘tainty:

a. Is it appropriate to use the months as replicates in analysis of the midwater traw! data,
as CUWA has done? This issue was not discussed very much, probably because the
alternative error-propagation method gave a similar result.

b. What is the appropriate variance function? Does a constant variance in log-
transformed data correspond to variance proportional to the mean, mean squared, or
some other relationship?

3. Under what conditions should any years be eliminated from the analysis?

Data from 1967 were not used in the Jassby et al. (in press) analyses, because X,
interpolated data did not go back that far. 1983 was discarded in some cases because DFG
scientists believed that populations of longfin smelt, striped bass 38 mm index, and Neomysis
shrimp were not sampled adequately. [Note: the Bay Study data for longfin smelt also show
an unexpectedly low abundance index in 1983, and that program samples the entire bay.
Therefore abundance was probably low in 1983. Perhaps the best resolution of this is to say
that relationships for which 1983 appears anomalously fow must be constrained to exclude
X, values that far downstream, because the data are insufficient to describe how the
relationship changes at such high flows.]

Agreement:

a. 1967 should be included for species for which data were available.

Uncertainty:

a. Should 1983 be excluded for the above-listed species?

4. To what extent do the fish-X, relationships allow for alternative interpretations or the
influence of other variables than those correlated with X,?

Jassby et al. (in press) raised this issue in connection with striped bass survival from egg to
38 mm, for which X, explained only 36% of the variance. A low proportion of variance
explained implies one or more other causative factors, the presence of which could alter the
survival-X, relationship. This analysis has been used by CUWA to suggest caution in using
the results to set standards, particularly at the downstream Roe Island site.

Agreement:

a. Other factors which may not be directly related to X, or outflow probably also affect
each of the species examined
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The expected importance of alternative effects decreases as the explanatory power of
the X, models increases, unless there is substantial collinearity among independent
variables in the model

For each species abundance or survival could probably be increased through other
means in addition to salinity or flow standards

Setting standards using salinity does not eliminate the need to continue to improve
understanding and management

The existence of relationships between indices of abundance or survival of a species
and X, does not necessarily imply that X, itse/f is an important variable, merely that
either X, or one of its numerous covariates is important to that species

Uncertainty:

5.

The variability not explained by the models, but incorporated in the within-year
variance estimates, includes sampling variability. The possibility was raised that an
analysis of variance components could be used to reduce further the unexplained
variability in the annual indices. This was not resolved, although it may be worth
exploring later.

What alternative analyses might identify benefits and detriments of the X, standard?

This question mainly relates to the habitat analyses in which salinity requirements of various
species and life stages were transformed into size of habitat, defined as distance from the
Golden Gate. This analysis was presented as preliminary, in that it did not take into account
other physical attributes of habitat such as width, depth, area, volume, or flow patterns, or
any biological attributes. An analysis of "co-abundance™ was also presented by CUWA to
explore the fish-X, relationships.

Agreement:

We need to know a lot more about this estuary to make management more effective,
although without delaying necessary measures. In particular, sampling needs to
include shallow habitat where some of the species of concern are found

A habitat analysis could provide information useful in interpreting the results of the
statistical analyses, or in extending those results to other species

The habitat analysis performed by CUWA is only a preliminary step in determining the

amount of habitat available to estuarine-dependent species and should be extended to
include other habitat variables

FINAL Salinity standard Report Page 7



Disagreement:

a. Is the habitat analysis presented by CUWA informative as it stands, or does it need to
be expanded? CUWA scientists argued that the habitat analysis as presented is
evidence for a harmful effect on some species of downstream locations of X,.
Agency and other scientists argued that there was no evidence for adverse effects in
any estuarine-dependent species. [Note: CUWA has made the point that the potential
for adverse impacts of the proposed standards, and the potential for harm to
indigenous species by improving conditions for introduced competitors, should be
considered by EPA in setting standards. This was not discussed to a sufficient extent
to identify areas of agreement or disagreement at this meeting.]

b. Is the co-abundance analysis a useful tool? There was little agreement that correlation
analyses among species gave more information than could be gained by examining the
fish-X, relationships

6. Are there problems with the Fish and Game monitoring data that might affect the fish-
X, analyses?

Several of the CUWA documents describe or imply possible biases in the monitoring data that
would diminish their utility in the analyses. The principal issue here is not sampling error
(which would be uncorrelated with X,), but bias that causes the population estimate to
diverge from the population size as X, varies.

Agreement:

a. Although the monitoring program is far from perfect, and potential biases have been
identified, no systematic biases have been demonstrated in the monitoring data that
would affect the fish-X, relationships (note that CUWA has analyzed onlv the
midwater trawl data)

b. Weighting the abundance data by area or volume around the sampling station does not
make much difference in overall outcome of the analyses

C. Monitoring data should be examined for evidence of a spring-neap cycle or other
potential biases

d. Monitoring data should be taken at an interval that does not alias the spring-neap tidal
cycle, an important time scale of variability in the estuary

e. Fall midwater traw!l monitoring data are more useful for some species (e.g. striped
bass) than others (e.g. delta smelt) for which the sampling programs were not
designed

f. In particular, abundance indices for splittail should not be relied upon
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g. Abundance data should be re-analyzed where appropriate using habitat descriptors
(e.g. salinity range) to stratify the data and thereby reduce sampling variance

7. Would a Roe Island standard result in more fish (or better survival) than a Chipps
Island standard alone?

This generated more heated discussion than any other topic. [Note: in these meetings and in

many other discussions, there has been confusion about the relationship between the location
of the control points, mean X,, and within-year variability. This is discussed under Point 4 in
the Background section of this report. The standards do not establish mean X 5 at the control
points; they establish the February-June mean of X, at some location, and set the variation in
X,. See the examples given under Point 4 {Background}.]

Agreement:
a. The uncertainty around the regression lines increases as X, moves downstream
b. The continuous relationships observed imply an increase on average in abundance or

survival with decreasing X,, except in 1983 for some species

C. There is no "right” number of fish of a particular species as long as the population is
large enough to be out of danger of extinction.

d. Therefore there is no "right” location for the long-term mean of X, or the number or
location of control points. These must be determined from considerations in addition
to biology. [Note: EPA has done this by considering a particular time period in which
populations were in better condition than they are now, and attempting to replicate
those conditions in terms of salinity. In a similar issue, the Central Valley Project
Improvement Act somewhat arbitrarily takes doubling as its goal because there is no
"right"” number of anadromous fish.}

Disagreement:

a. Is a standard justified at Roe Island, given that the uncertainty in predictions is higher
for downstream than for upstream values of X,?

b. How large is the uncertainty in the flow-X, relationships (see issue 2 above)?

c. Does a monotonic relationship between X, and abundance indices imply that moving
X, from 74 to 64 km will improve abundance on average, or does the scatter in the
relationships precliude such a statement about mean values?

d Should the standard at the confluence (81 km) be set at 150 days as now proposed,

or at some lower figure as implied by the sliding scale analyses? [Note: This was
mostly outside the scope of this discussion, since not all of the participants had been
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at the sliding scale workshop. Most participants seemed willing to accept EPA’s
proposal to set this standard at 150 days, but CUWA scientists rejected EPA’s Roe
Island standard and recommended maintaining historical patterns of within-year
variability. These three objectives are mutually incompatible, as discussed in Point 4
(Background).]

e. Is flow released from reservoirs an adequate substitute for naturally-occurring flow for
the purpose of reducing X, and achieving the anticipated benefits? There was some
belief that high natural flows would carry more nutrients and organic matter into the
estuary than would reservoir releases. [Note: /f most of the labile organic matter
entering the estuary is from freshwater phytoplankton, and nutrient limitation of lower
trophic levels is rare, this effect may not be that important.]

Not addressed

a. What are the quantitative benefits of a Roe Island standard? [Note: /In a8 memo dated
June 3, Phyllis Fox analyzed the predictions of the various fish-X, relationships for
differences in abundance for a Roe Island and Chipps Island compliance point. The
analysis shows that only longfin smelt and striped bass would benefit from a Roe
Island standard. This report has not been reviewed by participants in the May 31
meeting, so it cannot be placed in either the "agreed” or "disagreed” category.]

8. How far geographically should effects of the standards be monitored?
Agrc-—ent:
a. The effects of the standards may appear as far upstream as the reservoirs, and as far

downstream as (at least) the Golden Gate

Issues not addressed in the meeting
How would wetland species be affected by the standards?
Participants did not have the expertise to discuss this issue.

What is the relationship between entrapment zone phenomena and the observed fish-X,
relationships?

This was considered an interesting question and one that, if answered, would help to

understand the reasons for the X,-fish relationships, but not central to the issues being
discussed at this meeting.
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